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PREFACE. 



Chemistry is a modem science. One hundred years ago, 
the prominent, characteristic topics of the science were unknown. 
At the beginning of the present century, it had assumed but 
little of the magnitude it now possesses. 

Till 1807, when Sir Humphrey Davy's brilliant discoveries 
astonished the worid, chemistry held a subordinate position. 
Since that time its progress has been rapid and uninterrupted ; 
and its onward progress has never equalled what it now is. 
Every month bears witness of its great achievements. It has 
become an all-pervading science. From the nature of its investi- 
gations into the ultimate constitutions of things, it forms the 
basis of every material science. It permeates every interest. It 
is intimately connected with every branch of material knowledge, 
and there is no art practiced, or science of things cultivated, 
that is not aided by a knowledge of chemistry. It presides, by 
its laws, over every household operation. There is not a process 
in cookery, that is not aided by its application. All the arts of 
cleaning, preserving, fermentating, and the thousand operations, 
that are constantly going on in every family, find their explana- 
tion and improvement in chemical agencies. If there is one 
person, more than any other, that should be conversant with 
chemistry, it is the one who guides a household. Many a 
material could be saved, that is otherwise lost, and many a useful 
product formed, that is now neglected, were the true chemical 
relations well understood. 

To the agriculturist it is a science of every-da/application. 
The growth of plants and animals ; the action of manures ; the 
spontaneous production of valuable or hurtful products; the 
nature of the soil he cultivates ; the deficiency or abundance Of 
some essential element of success in cropping; are some of the 
topics that are embraced within the legitimate sphere of chemistry, 
and which it enables the planter to appropriate and guide, as the 
case may require. 
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The Taat majoritj of the productej whicli are essential to our 
lifej or those mere articles of comfbrt or luxury, are the gifts of 
chemistry. The leather we wear j the glass we use ; the varied 
hues of our articles of clothing produced in dyeing j the ever 
varied productions from the metals in their unnumbered eom- 
binatioDB) the eomponnding and production of medicines; are 
iill perfected by the labors of the chemist. 

He adds millions, every year, to society by his iroproTementa in 
the productive arts. In sugar, lead, and iron alone, chemistry — 
gives to society a hundred millions of dollars anntiajly. I 

Having been a teacher of chemistry for thirty years, it will 
not be surprising, that we should suppose, that our experiencfl 
might be beneficial to our fellow-kborera. ■ 

But to publish a new text-book requires an apology. To 
increase the number of school-books, already so numerous, should 
only be done for a good and sufficient cause. A reason for add^ m 
ing to the already loog catalogue, should he demanded. If the ■ 
e3:isting text-books are pcrfecfcj which they never can be, or so 
near perfection that any farther improvement is impossible or 
undesirable, then to print another is a positive evih These . 
pointSj we think, are far from having been attain edj and the I 
hiatus between the present condition and those indicated is 
immensely broad. We have no hesitation in sajing, that a 
legitimate field is here open for effort to supply what has not yet 
been accomplished* 

The following are some of the circumstances^ that have 
influenced us to present a treatise on chemistry to the public* 
All the text-booka on cbemistTjj now in nsOj are, in our estima- 
tion, faulty in a greater or less degree. Some on© or more of 
the following particulars are chargeable ou the test-books on 
chemistry pub h shed in this country, and, in giving them, we 
would not undervalue the high character of many of the Chem- 
istries DOW in use in many particulars. 

Ist. The subjects presented are not in their due proper tiona 
as making up the science. Some topics are ekborately treated, 
while others, equally important, in all their relations, are scarcely 
noticed J or dispose J of in a lew sentences. This we conceive 
originates from two causes* One, that the authors were not 
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teachers ; and the otlier^ that the author had hohhieE. To the 
former of these causes, howeveij ^e attribute mostly these 
defects. No one is at a loss, in looking over several of our text^ 
books on chemistry, to determine at once that the authors were 
not t^^aehers, or, if so, they had never rightly understood the 
subject they taught. Garbled expcrimentSj imperfect explana- 
t ions J omissions of essential details, improper prominence to 
some points and suppression of others, all lead irresistibly to the 
con elusion, that the authors never taught the subjects successfully. 

2d. A large space in all our Chemiatries is taken up with dis- 
cussions of heat, light J eleetricity, and gal van ism ^ to the exclu* 
Bion of cliemical matter. This is most evidently wrong, ThcFe 
are outside^ strictly, of chemistry. They are intimately associated 
with chemistiy, as many topics in mechanical philosophy are, and 
have been called chejuical physics, and ought to be studied in 
connection with it, but should be studied as associated subjecta, 
not parts of it. They are related to, but not of it. The space 
occupied with them is needed for chemistry proper^ and to thia 
have we devoted it. With the same propriety we might intro- 
duce mechanics, mathematics, and hydrodynamics , nh we intro- 
duce electricity and light. They are all related to chemistry, but 
do not form an integral part of it j and they are far from being 
cs^^ential to elementary chcmistrj. With chemical philosophy, 
they, as well as other topics, are intimately associated ; but the 
fiimplest principles which we have given in our Introduction are 
all that is necessary for beginncTB. 

European text-books, Engliahj French, and German, do not 
contain these subjects. 

3d. Some of onr test-books have evidently had for their 
adaptation the highest class of students, fitting them, in the 
estimation of their authorSj especially for college and medical 
students I hence too elaborate and too technical. We have 
taught chemistry in the common school 'j in the academy^ male 
and female } in the college, male and female ; and we have taught 
it to graduates from our colleges, in the medical school, and we 
have never found a higher or deeper chemical philosophy 
required in any of these conditions, than is required for the 
u.A-ii;p^^jjl b*^" c^** ^irl in a common school. 
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Vin ^^^H PBEFACB. 

On the ofch^r band^ some of our text-books arcj by their 
autliora, intended for tlie conunon echool or academy, and all 
tecbnioalities are ignored. This is wroDg. There it? an alphabet 
of every science, and it niui^t be learned. It is as essential to the 
proper comprehension of the subject, as a knowledge of the 
alphabet is to reading. To read wo need not go into the Bounds 
of the letters J or become orthoepists ; neither need we, when we 
iut reduce the essential tcchniealitiea^ enter into a discussion of 
tlieir philosophy or deeper import. We have aimed to avoid 
these extremes, by giving what was Gisetitiali and leaving to more 
extended treatises their fall consideration. 

Chemistry ought to come into our elenientary schools. There 
isj perhaps, a greater demand now from publie interest j for a 
Chemistry for children, than for any other book ; not that we 
have not snch, but they have not the alphabet. It is one thing 
to make a subject simple, by presenting it iti a natursd, easy way, 
and a much easier, and very different thing, to make a simple 
book about a subject Of the latter class are nearly all our 
simple fichool- books on science. They are dilutions instead of 
concentrations, and isolations of the great fundamenttil principles 
of the science. The former are worse than useless, the latter the 
00 ly ones suited for the young. 

We have adopted the common symbolic notation. We most 
earnestly recommend the teacher to thoroughly instruct the 
pupils in its nature and use, aud to require the pupil to write the 
eqaations of chemical changes on the black-board. 

We have used chemical charts, and figures, aud blocks, to 
represent chemical elements, and we most unhesitatingly say, 
that the old mode of symbols is vastly superior to any device we 
have ever tried, when thoroughly carried out. 

The symbol expresses all the known truth, and nothing more, 
in the Btraplesfc manner ; whereas the figure or block does not 
express the truth any better, and not as easily, and necessarily 
expresses more than Is known. When we place C for carbon, 
we have the abbreviation of the word carbon; then by simply 
reniemberiag that 6 is ita combining n umbers we have all the 
truth in its simplest form, 
fot cxpTessiJig the same; then we ^^^ l^'^ni which block 



I 
I 



It o i^ i\s communing iiumiun?r| we nave aji ine j 
plest form. Suppose we use a block, or figure, I 
le same; then we must leam which block or I 

^ ^.^ k .^H 



PREFACE. IX 

figure rcprosents carbon, and associate with it its weightj and it 
necessarily implies the existence of atoms of which we jiomkaf^ 
know nothin^T ^^d also their relative Tolume of which there in 
Ices reason to be confident. 

Wc have placed the TwxmCj sr/noni/me^f ^mhol^ cJmmival equi 
vfihntj and usually qitcijic gramii/^ at the beginning of each 
substance, intending they should all be learned. Hence we have 
put nn questions relating to thcui. 

We have put questions at the bottom of the page for the con- 
venience of the teacher and pupil, which, when rightly ujged, are 
a conTenience to both. Any teacher who should confine himself 
to the questions in the hook, would have but a very improper 
conception of his duties as teacher of chembtry. 

It will be obserred that parts of the book are in different type 
We have intended in the matter printed in large type to give 
the elements of chemistry, including the most important sub- 
stances. In the small type, we have made further illustrations 
or applications, and have introduced some topics and substances 
that might very well be passed over by the beginner. We think 
the student will get the important principles, and their applica- 
tions, in the large type, and some incidental matter in the small 
type. 

It will be observed that there are some repetitions. This has 
been purposely done, that when a substance or principle has 
different relatione, or where it was equally related to two different 
topics, to repeat the fact or explanation. 

We would advise that beginners should study the large typo 
only in their first going over the subject. 

A textbook ought to furnish t-opics of discussion for the 
teacher, especially in our schools and colleges ) and the teacher 
will find thiit the discussiiin of topics in his lectures and illnstra- 
tions, not found in the text-book, will make much loss permanent 
impression on the minds of his pupils than those contained in the 
book. Thisj abundant experience has taught us; with this in 
view we have been specially careful to give every topic of interest 
its proper place j and that teacher, we have no doubt, will do his 
classes most good, who confines himself most strictly to his text- 
books in discussions and illustrations. Hobbies otv tW ^-^axN. ^ 
1* 
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the teaclier or professor are great hindrances to elenieatnry 
knowledge. They wiJl do iu promiscuous assemblies, bat should 
be kept from the echool-room aod lecture-hall fur elementary 
inatmction. The whole subject should pasa before the class, 
each part occupying its appropriate place in quantity and qualltj, 
B^ ita nature and appli cations demand. 

We have given due prominence to organic chemistry , and we 
think we hare presented the hitherto repulsive stibject of 
organic mdicals and associated s\ibjects in a manner that will be 
easily att^iinable. 

We haye devoted ranch etndy to make this most important 
part of chemistry easily attainable to the student. Our tezt- 
hooka are specially defective on this subject, either giving 
nothing that is in accordance with the high claims of the science, 
or else giving it in a mass of multitudinous fa^ts without order 
or connection. 

We have also given a practical outline of qualitative analysis, 
which J we think, we have reduced to a simplicity^ that will enable 
the student to enter this field with as much ease as the nature 
of the subject permits. 

We have aimed to make the subject practical; and although 
we have been gnided and assisted by the Amerieaiij Englishj 
and French publications, books and jonrnalsj yet we have taken 
nothing on trust. It has all been worked up j and there is not a 
fact stated, where the nature of the case admitted^ that has not 
been established by our own inTcstigatioua, 

The application of chemical principles to the explanation of 
natural phenomenaj and to the productions of art^ has been a 
special object in the composition of the book we now offer to the 
public. 

Having the consciousness of a good intention, we submit the 
result of our labors to the test of public judgment. If it is an 
approval, we shall be gratified 3 if unfavorable, we shall feel that 
we have misjudged of the wants of the timeSj and cheerfully 
submit to the deeiBion. 

J. Darby. 

EiST Alabama College, July, 1860. 



CHEMISTRY. 



INTEODUCTION. 

(§ 1.) Matter. Matter is that which may be weighed 
and measured. It includes all the sensible mateEiak 
around ns, and is anything that is visible or tangible. 

All the objects, that compose the material world, may 
be arranged into two great classes^ simple and compowmi* 

(§ 2.) Simple or laementaxy Substances. Simple 
substances are those, that cannot be reduced to a more 
gimple form ; that is, if they are submitted to any agen- 
cies, they always present the same homogeneous products ; 
Erovided they are not allowed to combine with any other 
odics. Thus iron may be submitted to any test^ and it 
will be iron still. All the powers, at the command of 
the chemist J are unable, in the slightest degree, to alter 
the character of these elements. They are, so far as our 
present knowlerlge extends, tbe_jiltimate forms of matter, 
as they came from the hands of^the Creator. Some of 
these simple or ehvientary bodies are common materials 
of use, viz., the metals, as Iron, Lead, Copper, Silver^ 
Gold, Tin; also Sulphur, Phoaphorus, Carbon, &c. These 
are seldom or never pure, as we find them in commerce, 
or in the arts. There are now supposed to be sixty-four 
elementary bodies, Wc say supposed, because some of 
those now considered simple, may yet prove to be com- 
pound, and others may be discovered. 

ML) W]iat is matter? How may all liodies be divldct) t 

(I 2.) What (ire .'?mipk subslanees? What test of their taeing simple? 

How illustrate hy Iron ? What are some aimmon ones T How majij 

of these ekifients ? 




12 INTRODUCTION. ' 

(§ 3.) Compound Bodies. Compound bodies are such, 
as, by the application of some force, may be resolved into 
two or more of the elementary bodies. Thus water, by 
galvanism, may be resolved into Hydrogen and Oxygen. 
Vermillion heated with bright iron filings, converts the 
iron into a dull mass — sulphide of iron; and bright 
globules of mercury are found in the tube. The Ver- 
million was composed of sulphur and mercury, and being 
heated with iron, the atoms of sulphur left the atoms of 
mercury and united with the atoms of iron. 

(§ 4.) Atoms of Bodies. The simple bodies are sup- 
posed to be made up of exceedingly minute unalterable 
atoms incapable of any change; each kind of atoms 
being of definite weight and volume. To investigate the 
properties of these atoms, and the laws impressed upon 
them by their Creator, is the object of Chemistry. It is 
with these elements, that the chemist is employed ; whe- 
ther in their isolated state, or in combination with eacli 
other ; making up the infinitely- varied compounds, that 
the world presents. Chemistry then leads us to the ulti- 
mate constitution of things, and makes us acquainted 
with the laws by which the various changes are produced 
in matter; whether spontaneously or by the artificial 
arrangements of the chemist and manufacturer. There 
is no change that occurs, whether by the operation of 
the natural laws of inert matter, or under the influence 
of life, that does not demand an explanation from the 
chemist, and which he can give in the most exact and 
definite terms of weight and /orce. Although it is with 
these atoms the chemist is employed, yet it is only in 
masses of them, and not isolated atoms, that they become 
objects of investigation. That such atoms exist there is 
no doubt, but their extreme minuteness has baffled all 
effort to examine them isolated ; but a thousand circum- 
stances point to the conclusion, that matter does consist 

({ 3.) What are compound bodies ? How illustrated by water ? How 
by Vermillion ? 

(J 4.) How are simple bodies supposed to be made up? What ia 
that object of Chemistry ? What is the chemist concerned with ? What 
does Chemistry lead us to ? What does it make us acquainted with 7 
Is it with isolated atoms ? 
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ofultisaatej^i^^^^ kind being ^/ 

oT^finite^ijeiglit aifid volume^ 
"tl^Syoiasses of Silinerals, Vegetables, and Animals. 

We may consider tbe bodies around us in another point 
of view, and arrange them into three great classes, viz., 
Minerals^ Vegetables, and Animals. 

Minerals are composed of inert matter, and are inca- 
pable of increasing but by addition of external layers, as v*' 
stones, and all fhe elementary bodies. 

Vegetables live and develop themselves by the recep- 
tion of food, and assimilate it to their own nature ; but 
are destitute of feeling or voluntary motion. 

Animals not only live and develop themselves, but 
possess sensation and voluntary motion. 

(§ 6.) Bodies may be regarded in their relation to one 
of the three great branches of physical research, viz.. 
Natural History, Natural Philosophy, or Chemistry. 
When we take a body for examination, we may regard 
it in any one of three different points of view. We may 
consider it, 

1st, as a whole ; its distribution ; its general characters, 
of color, form, and hardness ; its arrangement of parts ; 
its relation to other bodies ; its characters for classifica- 
tion, &c., which would be its Natural History. 

2d. In regard to its mechanical properties, as its elasti- 
city, strength, and the properties imparted to it by heat, 
light, and electricity, without altering its nature; its in- 
fluence on other bodies in masses, vhich would exhibit 
its physical or natural philosophy aspect. 

3d. The same body may be regarded in relation to its 
constitution, and its action on other bodies by its atoms 
alone ; the effect of heat, light, and electricity in changing * 
its character. These would constitute a chemical view 
of it. 

Take for example a piece of iron. We may regard its 
obvious characters, as being a bluish white metal of great 
hardness ; tough and fibrous ; its relations to other metals, 

({ 5.) In "what other manner may all objects be classed? What are 
minerals ? What are Tegetables ? What are animals ? 

(§ 6.) In what three points of view may 'vi^ T^^-ax^ eserj Owj^i^riv.'^ 
These make what three great branches oi Ilho-vX^^^^I "^ctw iNyxvaVt^^^^ 
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&c. Thig would be deacriptive of it, and would be ita 
Natural History. 

Its plijeical properties are, that it ia a good coudm^tor 
of Electricity; becomes Magnetic under the influence of 
a magnet or of the galvanie current; the most tcnaciotis 
of metals; expands by heat; specific gravity 8.7, &c. 

Its chemical characters are, that it rusts on exposure to 
damp air ; decomposes water at red heat^ or witli dilute 
sulphuric acid; unites with sulphur at a slight elevation 
of temperature, &c. 

Natural History describes bodies, and assigns tuem a 
position among the various products around ua. Physics 
explains their properties as masses. Chemistry investi- 
gates molecular properties and changes, that physical 
agents impress upon them. 

Let us select another example, as a piece of chalk. To 
give its Natural History, we may use the labors of the 
Chemist and Physicist^ as determined fiicts, for the pur* 
pose of giving a full description of it. To investigato 
the properties of it in mass for the application of it to 
mechanical operations, or as related to the imponderable 
agents, Attraction, Heat, Light, and Electricity, would 
belong to the department of Physics and Natural Philo- 
sophy. 

The chemist seeks the rela tions of i ts ultimate atoms, 
and the effect which Physical agents may'tave m pro- 
ducing changes, 

(§ 7,) Physical changes are temporary, as in the 
expansion of iron by heat, which soon goes back to its 
original dimensions, by simply withdrawing the heat. 
Chemical chanrjen are permanent, never returning to their 
original condition spontaneously. Thus iron rust will 
never become iron and oxygen, but by the appliance of 
extra means. 

{% 8, The basis of the science of Chemistry, Che- 
mistry^ as a science, rests upon the fact of the nnalterability 



bj iron ? How are th^sa three branchcB Gharacteri£c4 T 
tr&tDd by cliulk ? 



HoTf illus- 



i{ 7.J flow are ftU pliysical changes ? How are all chemiciil changes t 
j 8*) On wbftt doea ibe st^ience of Clietulstrj rest? How UIub- 
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of the atoms of which the materials of this worid are made 
up. In every property and relation they are invariably 
the same. When one fact is determined in given rela- 
tions ; in the same relations, there will be no change. 
If we have determined the weight of oxygen to be 8 and 
hydrogen 1 relatively, they will be so always and under 
all circumstances ; so of all the other elements. How- 
ever varied the phenomena around us, that seem ope- 
rating with so little regard to any definite law; yet 
every change and every operation is as fixed and unalter- 
able in its conditions, as the motions of the planets in 
their orbits. When a log of wood burns up, there is no 
chance or uncertainty about either the phenomena or the 
result of it. Every atom of it may be gathered and 
weighed and measured, and the weight will be the 
weight of the log plus the weight of the oxygen taken 
from the air to consume it. The chemist could tell with 
perfect certainty, what the result would be, before it 
occurred, if the constitution of the log could be given 
him. Lavoisier's assertion is inflexibly true : " nothing 
can he destroyed, nothing created^ The chemist by the 
balance keeps all things balanced. What one thing 
loses another gains. There is infinite c hange in this 
world, but no loss or ga in. To trace l)ut these mole- 
cular changes, and (ffscover the laws by which they take 
place, is the labor of the chemist. 

Various definitions have been given of Chemistry, but 
the following is as near defining it as any one perhaps 
can be. 

(§ 9.) "Chemistry is the science which investigates the 
composition of bodies, and the laws by which it is governed^ 
--iSill) ^ . ..^^ 

This includes all the changes, that can take place in 
material things, and makes us acquainted' with the matter 
of which bodies are composed, and the forces or powers 
by the influence of which matter acts. 

trated ? How in the burning of a log of wood ? What was LaToisier's 
assertion ? 

(] 9.) What is Chemistry? 
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(§ 10.) Forces. The forces that produce chemical ac- 
tion, are Attraction, Heat, Light, and Electricity. 

We state these forces in the above manner for conve- 
nience, without implying anything with regard to'"£Eeir 
nature, since they may all be modifications of one force. 

ATTRACTION. 

(§ 11.) Attraction is the tendency which bodies have 
toward each other. 

There are two kinds of Attraction, remote and corUigu- 
ous. Remote attraction includes Gravitation, Magnetism, 
Electricity, &c., and has no relation to Chemistry. Con- 
tiguous attraction includes cohesion, aggregation, and 
. chemical Attraction or Affinity. The last only strictly 
belongs to Chemistry, although the others often modify 
chemical action. 

CHEMICAL ATTRACTION OR AFFINITY. 

(§ 12.) Chemical attraction is that force which causes 
dissimilar bodies to unite atom to atom, and form a com- 
pound unlike either of the constituents. 

This force is exerted between atoms only, and at insen- 
sible distances, and the atoms are unlike, 

(§ 13.) Change of properties. The change of proper- 
ties is usually in proportion to the intensity of the action. 

In the union of Oxygen and Hydrogen, the action is 
intense ; and the properties are, as nearly as possible, re- 
versed. Oxygen supports combustion ; Hydrogen is com- 
bustible; and the production, water, extinguishes com- 
bustion. A feeble action is exemplified in solutions; 
as, salt in water, sugar in water, &c. Here the change 
of properties is slight. The character of the bodies too 
is similar. They are all electro-negatively allied. 

(§ 14.) Affinity is of two kinds, Simple and Elective, 

(J 10. J What are the forces that produce chemical phenomena? 
(I 11.) What is attraction? How many kinds? How many of con- 
tiguous attraction ? Which only belongs to Chemistry ? 



rj 12.) What is chemical attraction ? How is this force exerted? 

(I 13.) How is the change of properties ? Uow illustrated ? 

(} 14.) How many kinds of aflBinity? How is simple affinity Ulua- 
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Simple affinity is when one body unites with another 
witliout producing any decomposition ; as when oxygen 
and hydrogen unite to form water, or alcohol and cam- 
phor to form spirits of camphor. 

Elective affinity is of two kinds, Single and Double. 

Single elective affinity is when one compound is de- 
stroyed, and a new one formed ; as when we pour sul- 
phuric acid into a solution of carbonate of soda, or pot- 
ash. The soda or potash takes the sulphuric acid and 
excludes the carbonic acid. This is a very common 
form of affinity. When sour milk and saiseratus, or 
bicarbonate of soda, are mingled in cake or batter, the 
soda selects the lactic acid of the milk, and the escape 
of the carbonic acid raises the batter. All effervescing 
salts are produced on the same principle as in soda pow- 
ders, seidlitz powders, &c. So, when water is turned 
into spirits of camphor, or number six, the alcohol unites 
with the water, and liberates the gum camphor or gum 
myrrh, which produces the turbidness. 

Double elective affinity is where two compounds are 
destroyed, and two new ones formed ; as when we pour 
a solution of muriate of lime into a solution of sulphate 
of soda, a mutual exchange of bases and acids takes 
place. The sulphuric acid, which was united to the soda, 
unites with the lime, and the muriatic acid, which was 
united with the lime, unites with the soda. This kind 
of affinity is illustrated in the conversion of soft soap 
into hard soap, by the addition of common salt to potash 
soap. Soft soap is the oleate and stearate of potash; 
salt in solution is the muriate of soda. The oleic and 
stearic acids leave the potash and unite with the soda, 
forming hard soap, and the muriatic acid unites with the 
potash, forming the muriate of potash, which is dissolved 
in the refuse water. 

(§ 15.) Change of properties. Although a change of 
properties is always the result of chemical action, yet 
this change can never be predicted before experiment 

tratod ? How many kinds of electiye affinity ? What is single electiye 
affinity? What three illustrations giTcn? What is doubU v^saNx^^ 
affinity? What two illustrations giy en? 

(J 15.) Can the change produced by ch^m\c«A. wiVVon \i<& ^t^^v^Vft^^ 
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has demonstrated what it is. Every change in the form 
or state of matter, and every variety of color is pro- 
duced by chemical change. 

Qiange of solids into gases. The explosion of gun- 
powder is the conversion of solids into gases. 

Change of solids into liquids. Grind acetate of lead 
and alum together, and a liquid is produced, by libe- 
rating the water of * crystallization in the alum and 
acetate of lead. 

Change of liquids into solids. Pour sulphuric acid on 
muriate of lime, and a solid is produced from the two 
liquids. 

Production of ignition. By placing iodine on phos- 
phorus, the phosphorus is inflamed. 

Change of color. Drop sulphuric acid into blue litmus 
solution, and a light red is produced. Drop potash or 
soda into the red solution, and it is changed to blue 
again. Pour solution of pearlash into a solution of 
corrosive sublimate, and orange is formed. Add sul- 
phuric acid, and it becomes colorless. 

Add a solution of acetate of lead to bichromate of 
potash, and yellow is formed. 

Solutions of arsenite of potash and sulphate of copper, 
give green. 

Add a solution of ammonia to a solution of copper, 
and blue is formed. 

Indigo blue is formed by green vitriol, and prussiate 
of potash. Black is formed by nut-galls and persulphate 
of iron. 

A change of temperature is a very common effect of 
chemical changes, as is exhibited in almost every chemi- 
cal experiment, especially in all those cases classed under 
combustion. 

HEAT, OR CALOBIC. 

(§ 16.) Heat, as a chemical force, is universal in its 
application. Without it, no chemical change could take 

What illustration of the conyersion of solids into gases ? Of solids into 
a liquid ? Of liquids into a solid ? Of change of color ? 

(2 16.) What cannot take place without heat? What is the effect of 
heat ? How does it cause decomposition ? 
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place ; and by its application, the most varied changes 
are produced. 

The universal effect of heat is to force the particles of 
bodies asunder, and thereby increase their volume. It 
increases the elasticity of vapors and gases, thereby 
sometimes producing chemical decomposition ; at others, 
causing the union of gases, that would not otherwise 
take place. Thus, when one of the elements of a com- 
pound is volatile, heat drives off the volatile element ; 
as, when limestone is subjected to red heat, the carbonic 
acid, being volatile, leaves the quicklime. In complex 
compounds, also, heat destroys the equilibrium, and va- 
rious arrangements of the constituent atoms take place ; 
as, when organic bodies are subjected to heat. Also, 
when the affinities are weak, as in the fulminates, chlo- 
rates, &c. 

TEMPERATURE. 

(§ 17.) The temperature of bodies is determined by 
Thermometers and Pyrometers. 

Therxnometers. Thermometers are graduated from 
the temperature of freezing water to its boiling point. 
This interval is variously divided. The thermometer in 
most common use in this country, is Fahrenheit's, on 
which this interval is divided into 180 degrees, com- 
mencing the freezing point with 32°, and the boiling 
point, of course, being 212°. Another scale frequently 
used is the Centigrade^ in which the freezing point is 0, 
and the boiling point 100 degrees. It often becomes 
necessary to convert one of these scales into the other, 
especially in reading works on Chemistry. 

Scales Compared. The ratio of 100 to 180 is as 5 : 9 ; 
that is, a degree of Fahrenheit is |ths of a degree of Cen- 
tigrade ; therefore, any number of degrees of Fahrenheit 
would be converted into Centigrade, by multiplying by 
5 and dividing by 9, provided the {zero) was at the 
same point ; but {zero) of Fahrenheit is 32° lower than 

({ 17.) How are temperatures determined? How are thermometers 
graduated ? How is the one in most common use graduated ? How 
the Centigrade ? How may the scales be compared ? What ia vK^tvjXO, 
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on Centigrade. Therefore, 32 must be subtracted before 
the multiplication takes place. 



— HI 212 Boiling water. 



Zero of Centigrade 



17J •- 



50 + 



\p— 



122 

32* Meiangiee. 

O Zero of Fahrenheit 



6 6 

We have, therefore, the following rule to convert 
Fahrenheit's scale into Centigrade : — Subtract 32° from 
the number of degrees, and multiply by 5, and divide 
by 9 ; the quotient will be the number of degrees in the 
Centigrade scale. 

To convert Centigrade into Fahrenheit, multiply by 
9, divide by 5, and add 32 ; and the sum will be de- 
grees in Fahrenheit's scale. 

(§ 18.) There are three forms of matter dependent on 
heat, viz., solids liquid, and gaseous ; some add a fourth, 
the vessicular, in clouds. By sufficient heat, the most 
refractory bodies would become liquid and gaseous ; and 
by the abstraction of heat, the most permanent gases 
would become solid. 

The practical application of heat will be abundantly 
exhibited in the succeeding illustrations. 

LIGHT. 

(§ 19.) Light, as a chemical agent, is more especially 
concerned in the spontaneous operations of nature, than 
in the laboratory ; yet even here it exerts an influence. 

(J 18.) How many forms of matter? 

(I 19.) How is light concerned more especially? How is its effect 
illustrated ? 
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Chlorine and Hydrogen will scarcely unite, if made 
and mingled in the dark, but will unite explosively if 
mingled in the sunlight. All the art of the daguerreo- 
typist depends on the chemical agency of light. 

(§ 20.) The iodides, chlorides, and bromides of silver, 
form the sensitive coatings of the daguerreotypist. Calo- 
mel is decomposed by sunlight. Vegetables owe their 
varied colors to the same agency ; and it is light, that 
enables the plant to decompose carbonic acid, and assimi- 
late the materials of its food. No new matter can be 
produced by a vegetable without light. Hence a small 
seed cannot be covered deeply in the soil and come up, 
because the nutriment, which is minute, is exhausted 
before the young stem reaches the light, and of course 
it dies. This agent, which is essential to produce color, 
also destroys it; as is shown in the fading of colors 
exposed to the sim. It gives color to animals. Hence, 
portions of the animal most exposed to the sun, are 
darkest, as the backs of beasts, and birds, and fishes. 
The process of tanning the face and hands, by exposure 
to the sun, is a case of color produced by light. 

ELECTRICITY. 

(§ 21.) Probably no chemical change takes place withoui 
a disturbance of the electrical equilibrium. 

There are two kinds of electricity: positive and negative, 
or vitreous and resinous. 

Friction of certain bodies produces the different kinds 
of electricity. Glass, and vitreous bodies generally, pro- 
duce the positive electricity, and resins, sulphur, &c., 
produce the negative. But there is nothing absolute; 
as circumstances will cause the same body to produce 
positive and negative electricity as circumstances vary. 
Those bodies exhibiting signs of electricity by friction, 
.are said to be excited, and are called electrics. All others, 
non-electrics, 

(2 -20.) What constitute the sensitiye coatings of photographs ? How 
are the effects of light seen in animals and plants ? 

(J 21.) How is electricity related to chemical changes? How many 
kinds? How is each produced? When is a \iod^ xi^viXxvW ^\i»x 
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A body in its natural state has the two electricities so 
combined as to neutralize each other's effects. When 
one is in excess, the body is said to be electrified. Bodies 
electrified with different electricities, attract each other. 
Bodies electrified with the same electricity, repel each 
other. 

Some bodies allow electricity to pass through them 
freely, and are called coTiductora or non-electrics ; such as 
well-burned charcoal, metals, water, living beings, &c. 
Others do not allow it to pass freely through them, and 
are called non-conductors or electrics ; such as glass, sul- 
phur, silk, ftir, dried wood, &c. 

Any two bodies, that combine chemically, have been 
supposed to be in different electrical states, and their 
combination occasioned by simple electrical attraction. 

GALVANISM. 

(§ 22.) Galvanism is electricity developed under certain 
circumstances. The ordinary conditions for the produc- 
tion of galvanism, are two metals, and a 
fluid, which will act on one of the metals 
more than on the other. Take a slip of 
amalgamated zinc, and a slip of copper 
of equal size, and inmierse them in a 
dilute solation of sulphuric acid, for 
three-fourths their length, and if the 
slips are not connected, there will be 
no action; but if they are connected by a 
wire at the top, numerous minute bubbles ^ ^„j^f*°*' p^**® + *"* *^® 
will be seen to arise from the copper, c the wpper piate—iu 
This is called a simple galvanic element. Th^\SS^ indicate the 
This phenomenon admits of the follow- Th^pSflf^oSronht 
ing explanation: — Neither the zinc nor floiai*ndthe«inc— . 
the copper had, under the circumstances, an affinity for 
the oxygen strong enough to decompose the water and 
take the oxygen ; but, by touching them both with a con- 
bodies attract? What bodies repel ? What are conductors? What are 
non-conductors ? 

({22.) What is gaWanism? What is a simple galvanio element? 
How is its action explained? Which is the conducting plate? Which 
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ductor, the zinc became more positive than in its natural 
state and takes the oxygen, which is the most powerful 
negative body; and the hydrogen, which is positive, goes 
to the copper in the positive current ; and, as it cannot 
combine with the copper, rises in bubbles. The positive 
current goes on through the copper, which is called the 
conducting plate, through the wire to the zinc, which is 
called the generating plate. This is a simple galvanic 
current. It illustrates the principle involved in all gal- 
vanic batteries. By multiplying the number of these 
simple elements, and connecting them together, it in- 
creases the intensity of the current. By increasing the 
size of the plates, we increase the quantity. The copper 
end of the battery is called the positive pole of the bat- 
tery, and attracts all negative bodies. The zinc end is 
called the negative pole of the battery, and attracts all 
positive bodies. These poles are called electrodes. 

When we decompose water by the battery, the hydro 
gen goes to the zinc pole and the oxygen to the copper, 
exactly the reverse from what took place in the fluid. 
The copper is often replaced by phtina, silver, or carbon, 

SPECIFIC GRAVITT. 

(§ 23.) By specific gravity we mean the weight of a body 
compared with some other body, taken as a standard, of the 
same bulk. 

Pure water is the standard for solids and liquids at 
the temperature of 60® of Fahrenheit's thermometer. 
Thus the specific gravity of copper is 8.8, because copper 
weighs 8.8 times as much as the same bulk of pure water 
at 60°. 

There are four cases of specific gravity. 

1st. Solids heavier than water. 

2d. Solids lighter than water. 

Sd. Liquids, 

4:ih. Gases. 

1st. For solids heavier than -water, we have the fol 
lowing rule ; weigh the body in air, then in water, sub- 
is the generating plate ? Which 1b the positive pole ? Which is the 
negatiye ? What bodies do they respectively attract ? 

(J 28.) What is specific gravity ? What is the aVwiaLW^I ^v« ^-i^xiSkr 



24 IKTBODUOnOK. 

tract the latter from the former, and divide the former by 
the difference. This gives the specific gravity, because 
the loss in water is the weight of a bulk of water equal to 
the body ; for a body loses as much of its weight, in any 
liqidd, as a bulk of the liquid weighs equal to the volume 
of the body. 

2d. For solids lighter than -water, weigh the body 
and then attach to it a heavier body to make it sink, and 
having previously determined how much the heaviei 
body lost in water, and the additional loss, when th^ 
lighter body is attached to it, shows how much more, 
than its own weight, was required to sink the lighter 
body. The weight of the lighter body added to the 
additional loss of the heavier body will form the de- 
nominator of a fraction, and the weight of the lighter 
body alone, will form the numerator of the fraction, 
which will express the specific gravity of the body. 

3d. For liquids; a vial holding 1000 grains of pure 
water is the easiest method, ordinarily, for determining 
the specific gravity of liquids. Fill the vial with the 
liquid, the specific gravity of which is desired, and weigh 
it, subtracting the weight of the vial, and this remainder 
is the numerator, and 1000 is the denominator of a frac- 
tion expressing the specific gravity. 

Hydrometers. Hydrometers are instruments used for 
the same purpose, consisting of a glass tube of small 
diameter, with a bulb at the lower extremity, loaded 
with mercury or shot to make it sink vertically ; and 
the depth to which it sinks in pure water is marked zero, 
and then is graduated upwards for liquids lighter than 
water, and downward for liquids heavier than water. 

4th. Gases and Vapors. Oases and vapors are com- 
pared with air as a standard, with the temperature of 60** 
and barometer 30 inches. Their specific gravity is de- 
termined in a manner similar to that for liquids. A thin 
glass globe is used, which holds a known quantity of air, 
by weight; the amount of gas or vapor required to fill it, 
by weight, makes the numerator of a fraction of which the 
weight of air required to fill it makes the denominator. 

trated by copper ? How many cases of specific gravity ? What are 
hydrometei s ? How made ? With what are gases and vapors compared ? 
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SYMBOLS, 

(§ 24.) Each elemeTil has a symbol or ahhreviatmif 
wkkl exprcdses 7Wt only its name hut abo ils chemical 
equimiknt. Thus stands not only for the name oxy- 
gen, but far one atom of it, expressed by its relative 
weigbt, B, its atomic number or ehemical equivalent So 
N, for nitrogen, G, for carbon, &c., as given in tbe Ibl- 
loT^*ing table, A figure placed at the right hand of a 
letter is a multiplier of that particular letter, as 0^ means 
that three atoms are expressed, or 8 is multiplied by 8 ; 
thus sulphuric acid is expressed by SOa, meaning that 
this acid is composed of one atom of sulphur and three 
of oxygen, or 16 + 3 X 8 ^ 40. 

When a figure is placed before a chemical expression, 
it means that all that follows before a + or = is midti* 
plied by itj as 2SO3 is two atoms of sulphuric acid. 
W ben there is a eheraical imion to be expressed^ tlie 
symbols are written with no intervening signs, as KO|SO,i 
expresses the sulphate ofpotasb, or SOaHO the hydrated 
Bulphuric acid. When a less close connection is ex- 
pressed + is used; as sulphuric acid and ii-ou is ex- 
pressed by Fe + SO3, 

Chemical equationa^ The best way to express a 
chemical reaction is by an equation ; the left-hand mem- 
ber of the equation expressing the materials employed, 
and the rightdiand member the substances produced. 

If we wish to express tbe preparation of chlorine by 
the use of biuoxide of manganese, MnO^, chlorohydric 
acid HCl, the left-hand member would be MnO^ + SHCI, 
and the right-hand member would be MnCl + 2110 + Clj 
thus expressed : — 

MnO, + 2HC1 = MnOl + 2H0 + CI. 

That is, two equivalents of chlorohydric acid with one 
equivalent of biuoxide of manganese, produce one equi- 
valent of chloride of manganese, two of water, and one 
of cblorinei which escapes as gas. There is no mode so 



f ^ 24. ) Wliat are symbols ? How llluaimted Ijy oxygen ? How by 
Bulpbiiric add? What offi^ct lias a figure placed before an exprefision? 
Wbii in a eliemical equation ? Hott iUuetrttted in tli© foraiation of 
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simple or so easily understood to express c'Lemical reao* 
tians as the one by equations, and tlie pupil should be 
required to write the^ equations for all reactions. 

Umpiiioal foriaiilee are symbolical expressions for 
compounds, without regarding the state of combiuatioa 
of the elements; for example, an empirical formula of 
alcohol would be G^H^Os. 

Hational formiikd are such aa regard the state of 
combination in the compoimd. Alcohol expressed on 
this principle would be CiH^^OiHO, that is, it is ethyl 
which is C4H5 with one atom of oxygen making the oxiae 
of ethyl, having an atom of water added, making the 
hydrated oxide of ethyl, the chemical name for alcohol. 

HOMEKCLATDBE. 

(§ 25.) Nomenclature. Every science or art has terms 
peculiar to itself^ which it is essential the student should 
clearly understand. This is especially true of Chemistry, 
The name of a substance often conveys much informa- 
tion concerning the nature of the material named. 

NoTueJickUure of the ekuientary bodies. The elementary 
bodies are divided into two classcSj metalloids and metaU^ 

The metalloids are generally called non -metallic bodies, 
as expressing their more obvious characteristics* Thi3 
division is far from being absolutely correct, as there are 
doubts in regard to the true nature of some belonging to 
each class. 

A more correct classification would undoubtedly be — 
1st class, including those elementary bodies, that, by 
union w^ith oxygen^ form acids or neutral bodies, and 
never bases ; and 2(1, those elements that, by union with 
J oxygen, form 00c or more base?. 

A convenient, if not a philosophical subdivision of 
the non-metallic bodies, is into supporters of comhislion 
or ikclro-negatim elenientSf and comhustibks or ekctro- 
posHiVG elements. The supporters of combustion are: 

' eblorme t Wliat is an ompiriciil formula, ? WTiat h a rational formula t 
How Is each illustrated hj aleoliol 1 

(I 25.) WImt baa every scitnce or art ? How are elementojy bodies 
dinded! la this diThlon alTictly correct 1 What would be fl corroijt 
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Oxygen, Chlorine, Iodine, Bromine, and Fluorine ; the 
other non-metallic elements are combustible. 

The former of these sub-classes end in inCy as Chlorine, 
Iodine, ko,. ; the latter in on, as Carbon, Boron, &c. The 
metals end in um or ium, as Platinum, Potassium, &c. 

Those elements, that have long been known, do not 
conform to this nomenclature, the old names being re- 
tained, as Iron, Sulphur, Copper, &c. So, also, some that 
were considered metals, as Silicium and Selenium, usually 
retain their termination although transferred to the non- 
metallic class. 

The following is a list of all the known elements, with 
their symbols and equivalents, arranged for convenience : 

NON-METALLIC ELEMENTS. 

SUPPORTERS OP COMBUSTION, OB BLECTBO-NXGATiyE ELIMINTS. 



Names. 


Symbols. 


Eqniralents. 


Names. 


Sjmbok. 


Equlfaleats. 


Oxygen 





8.71 


Bromine 


' Br 


80. 


Iodine 


I 


127.1 


Fluorine 


F 


18.7 


Chlorine 


CI 


35.46 

COMBUl 


3TIBLES. 






Names. 


Symbols. 


Equivalents. 


Names. 


Symbols. 


EqniTalents 


Hydrogen 


H 


1. 


Carbon 


C 


6. 


Sulphur 


S 


16. 


Phosphorus 


P 


32. 


Nitrogen 


N 


14. 


Boron 


B 


10.9 


Silicon 


Si 


21.8 


Selenium 


Se 


89.6 


Arsenic 


As 


75. 
MET 

IXPORTAN 


Tellurium 
ALS. 

P METALS. 


Te 


64. 


Names. 


OymbolB. 


Equivalenta. 


Names. 


Symbols. 


Equivalents. 


Aluminum 


Al 


13.7 


Magnesium 


Mg 


12.2 


Antimony 


Sb 


64.5 


Manganese 


Mn 


27.6 


Barium 


Ba 


68.6 


Mercury 


Hg 


100. 


Bismuth 


Bi 


106.6 


Nickel 


Ni 


29.6 


Cadmium 


Cd 


66. 


Platinum - 


Pt 


98.7 


Calcium 


Ca 


20. 


Potassium 


K 


39.2 


Chromium 


Cr 


26.7 


Silver 


Ag 


108.1 


Cobalt 


Co 


29.5 


Sodium 


Na 


23. 


Copper ^ 


Cu 


31.7 


Strontium 


Sr 


44. 


Gold 


Au' 


197. 


Tin 


Sn 


58. 


Iron 


Fe 


28. 


Uraniupi 


U 


60. 


Lead 


Pb 


103.7 


Zinc 


Zn 


32.6 



diyision ? What convenient subdivision of non-metallic bodies ? How 
do the elements of the different classes end ? How with t\\^ <i\A. ^t^ 
ment? ? 
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Nunei. 


Sjnnboli. 


EquiTAlentt. 


Munet. 


Qjmbolf. 


EqtaltalenU. 


Cerium 


Ce 


47. 


Palladium 


Pd 


63.3 


Didymium 


D 




Pelopium 


Pe 




Erbium 


E 




Rhodium 


R 


62.2 


Donarium 


Do 




Ruthenium 


Ru 


62.2 


Glucinum 


Gl 




Tantalum 


To 


184. 


Ilminium 


11 




Terbium 


Tb 




Iridium 


Ir 


99. 


Thorium 


Th 


69.6« 


LaDthanium 


La 


6.5 


Titanium 


Ti 




Molybdenum 


Mo 


46. 


Tungsten 


W 


95. 


Niobium 


Nb 




Vanadium 


V 


08.6 


Norium 


No 




Yttrium 


Y 




Osmium 


Os 


99.6 


Zirconium 


Zr 


22.4 


PaUadium 


Pd 


63.3 









(§ 26.) Nomenolature of binsiry oompoimd bodies. 

When a cliem^cal compound, consisting of two elements, 
is subjected to the action of the galvanic battery, one of 
the elements will go to the positive pole, and the other 
to the negative pole. The one that goes to the positive 
pole, or the electro-negative body, should give name to the 
compound ; thus, oxygen, the most electro-negative ele- 
tnent, combines with iron and forms oxide of iron ; chlo- 
rine with hydrogen, forming chhrohydric acid, chlorine 
being the electro-negative element. These binary com- 
pounds are usually divided into two great classes — ides 
and acids. 

Acids, Acids have a sour taste, turn vegetable blues red, 
and unite with a known base. The latter of which is the 
onhj uninvariable characteristic. 

It is very common for two or more acids to be formed 
from the same element, as a radical. When this is the 
case the stronger acid ends in ic, as sulphuric acid ; the 
weaker one in ^us, as sulphurous. If there should be a 
third, stronger than the one ending in ic, it has the prefix 
hyper, as hyperchhric acid; or sometimes simply jper, as 
perchloric, meaning the same as hy perchloric. If there 
should be one weaker than either of those ending in ous 
or ic, it takes the prefix of hypo, as hyponitric, or hypo- 
nitrous ; the hypo expressing the inferior relation of the 
acid to the one indicated by the termination ous or ic. 



(§ 26.) Which elciTient should give name to a binary compound? 
How illustrated ? What two classes of binary compounds ? What arc 
Acids? How do Ecids end? How iUuHtTatodt V\\\tit -^x^^t. \^ \3*.«c^* 
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Tte terms stronger and weaker are employed simply 
to express the greater or less amount of oxygen in the 
acid. For example, sulphuric acid has 16 parts of sul- 
phur to 24 of oxygen, and we call it the stronger acid. 
Sulphurous acid has 16 parts of sulphur to 16 of oxygen, 
and we call it the weaker acid ; yet 82 parts of sulphur- 
ous acid will neutralize just as much soda as 40 parts of 
sulphuric, seeming to indicate that the sxilphurous is the 
stronsjest. 

There is a large class of acids that have hydrogen, in- 
stead of oxygen, united with anothei* element to form the 
acid ; such acids are called hydradds (hydrogen acids, to 
distinguish them from oxygen acids) ; such as chhrohy- 
dric acid (muriatic acid), fluohydric acid, &c. 

(§ 27.) Ides. The ides may be either neutral or basic; 
that is, they will combine with acids, when we call them 
basic, or they will not combine with acids, and we call 
them neutral Thus the protoxide of manganese is a 
powerful base, but the binoxide will not unite with acids 
at all. So the protoxide of lead is a base, the binoxide 
is not. 

The essential character of a base is, that it will neutral- 
ize an acid ; but some bases have other properties. They 
have a nauseous taste, turn vegetable yellows brown, red 
test papers blue or green, and are then called alkalies, as 
potash, soda, &c. 

When one atom of oxygen, for example, unites with 
one of any other element, not forming an acid, the com- 
pound is called a protoxide. If two atoms of oxygen unite 
with one of any other element, it is called a binoxide. If 
three of oxygen combine with two of the other elements, 
it is called a sesquioxide. Thus we have the protoxide, 
sesquioxide, and binoxide of manganese. The highest 
degree of oxidation is cviWeA, peroxide. 

How explained ? How are the terms stronger and weaker employed ? 
How illustrated ? What are hydracids ? 

(g 27.) How may the idea be ? How illustrated by manganese ? What 
is the essential character of a hose f What other properties have some ? 
What called ? What is a protoxide ? What is a binoxide ? What is a 
sesquioxide ? What is a peroxide ? What oxidfta b^x^ \i^'&^^\ ^V^ 
oxides are neutral ? What oxides are acid*. 
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The lowest degrees of oxidation are the bases, the 
highest the acids, the middle ones neutral. Thus, one 
atom of oxygen makes manganese a powerful base, three 
to two makes it slightly basic, two to one makes it neu- 
tral, three to one makes it acid. 

(§ 28.) Nomenclature of ternary compounds, or 
salts. When an acid unites with a base, it is called a 
salt. The base is an ids of a metal, and commonly an 
oxide. 

The acid gives name to the genus, or class, of salts, 
and the oxide gives the species. Thus, sulphuric acid 
forms a genus of salts called sulphates, and when the acid 
is combined with the oxide of iron, it forms the species 
or sulphate of iron (copperas, green vitriol), a specific 
body. 

The salts terminate in ate or ite. When the acid ends 
in ic, the salt ends in ate; as when sulphuric acid unites 
with the oxide of iron it makes the sulphate of iron 
(copperas). 

When the acid ends in ous, the salt ends in ite; for 
example, when the sulphurous acid unites with the pro- 
toxide of iron, it is called the sulphide of iron. When 
two atoms of acid unite with one of the salt it takes the 
prefix bi, as when two atoms of carbonic acid unite with 
one of the oxide of potassium (potash) it forms the 6^ca^- 
bonate of potash (salasratus). 

It frequently happens that one atom of the acid unites, 
with two or more atoms of the base, when the terms 
bibasic, tribasic, &c., are prefixed to the salt, as tribasic 
phosphate of lime (bones) means that three atoms of the 
oxide of calcium (lime) are combined with one of phos- 
phoric acid, and forms the basis of bones. 

Neutral salts. Salts are called neutral when the solu- 
tion of them does not change the color of acid or alka- 
line tests. 

Acid salts. They are called acid salts when they 

(J 28.) What are salts? What is a base? What gives name to the 
genus of salts? What to the species? How illustrated? How do 
the salts terminate? How related to the termination of the acids? 
How is bi used ? What are bibasi&y tribasic salts ? What is a neutral 
Bait ? What is an acid salt ? What is a basic salt ? How are the salte 
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turn the blue test-paper red; as cream of tartar (bitartrato 
of potash). 

Basic salts. Salts when they turn the red test-paper 
blue or green, or the turmeric paper brown, as pearlarfh 
(carbonate of potash) they arc called hasisalts. These were 
formerly called siibsaJts, and the acid salts sujKrsaUs. 

When an acid unites with two oxides of the same 
metal, the salt takes the prefix of the oxide. Sulphuric 
acid unites with the protoxide of iron, forming the j>roto- 
sulphate of iron. It also unites with the se^^mbxide, 
forming the ^esgt^tsulphate of iron. 

Relations of water. Water often seems to act the 
part of an acid, forming definite compounds with bases, 
and as often perhaps seeming to act the part of a base, 
forming definite compounds with the acids, but it does 
neither well. These compounds are called hydrates. 
Pure potash is the hydrated oxide of potassium. Pure 
sulphuric acid is hydrated sulphuric acid, having one 
atom of water to one of acid. 

Chlorine, iodine, fluorine, and bromine, will unite with 
the metals, forming a series of compounds resembling 
salts, but are only ides. They have received the name 
however of haloid salts. Common salt is an example. 
It is the chloride of sodium, and not properly a salt. 

Chlorine, sulphur, &c., will form bases and salts ; but 
investigations concerning them are too purely chemical 
to demand the attention of the student in an elementary 
course. 

(§ 29.) Test-papers. Test-papers are papers colored 
by solutions, whose color will be variously changed by 
different substances. Test-papers for acids are papers 
colored blue by litmus, violets, or red cabbage, and are 
changed to red by an acid. Test-papers for alkalies are 
the blue papers reddened by a minute quantity of an . 
acid, which an alkali will turn to blue or green ; or it is 
a paper colored yellow by a solution of turmeric, which 
is turned brown by an alkali. 

named when the 6ame acid unites with more than one oxide of the same 
metal ? How does waier act ? What arc haloid salts ? 

(J 29.) What are test-papers ? What ajro iest-ipay«^ tot %.<i\^0. NKV^V 
are test-papers for alkalies ? What may be \iaea m^le^A ^t ^«^«t^^ 
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The solutions themselves may be used, instead of co- 
loring papers with them, and will afford equally good 

tests. 

CHEMICAL EQUIVALENTS. 

(§ 30.) By chemical equivalents is meant the relative 
quantities by weight of bodies required in their chemical com- 
hination. Each body or substance has its own established 
weight, for all the chemical relations it can assume. If 
its weight is established in regard to one body, for one 
combination, it will be the same for all bodies and all 
combinations. 

When we assume a base or unit of comparison, all bodies 
assume their fixedj unchanging, and unchangeable relations 
to this base or unit If we call hydrogen, the base or unit, 
1, then oxygen is 8, carbon 6, nitrogen 14, sulphur 16, 
iron 28, &c., and they can be nothing else. 

They not only stand thus related to the unit, but bear the 
same relations to each other. If carbon is 6, oxygen must 
be 8, sulphur 16, iron 28, and so on, and they can be 
nothing else. 

This law is equally rigorous in regard to compound 
bodies, as in regard to elementary ones, and the chemical 
equivalent of the compound is the sum of the equivalents of 
the elements. 

Thus, water is one equivalent of hydrogen, 1, and one 
equivalent of oxygen, 8. The equivalent of water, then, 
is 1 + 8 = 9. 

Any change in the relative proportions of the elements of 
a compound body, destroys the compound. In other words, 
the composition of bodies is fixed and invariable. No body 
can have but one composition, although different bodies 
may have the same composition. Cane sugar can never 
consist of any other than 12 atoms of carbon and 11 
of water ; the extraction of 1 atom of water, converts it 
into starch ; the addition of water converts it into grape 
sugar. Many bodies, although consisting of the same com- 

(J 80.) What is meant by chemical equivalents? What relation to a 
base or unit ? If hydrogen is a unit, what are oxygen, carbon, nitro- 
gen, &o. ? How related to each other ? What is the equivalent of a 
compound ? How illustrated ? What effect on a be dy has a chanf^e of 
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position^ may possess very different properties. There are 
three phosphoric acids, all having the same composition, 
yet possessinoj^ different properties. This property is 
called aZfo-tropism. Ozone and oxygen are the same 
^but differing widely in properties. 

One element may unite with two or more proportions of 
another, forming different compounds. Nitrogen, 14, will 
unite with oxygen, 8, forming the protoxide of nitrogen, 
laughing gas. Also, nitrogen, 14, will unite with 2 of 
oxygen, or twice 8, and with 3 of oxygen, or three times 
8, and 4 times 8, and 5 times 8, making a series of com- 
pounds of nitrogen and oxygen, each member of the 
series greatly differing from the other members, the 
nitrogen all the time remaining 14, while the oxygen is 
expressed by the product of the multiplication of 8 by 
1,2,8,4,5. Thus:— 

N + =14 + 1X8 = 14+ 8 = 22. 

N + O2 = 14 + 2 X 8 = 14 + 16 = 30. 

N + O3 -= 14 + 3 X 8 = 14 + 24 = 38. 

N + O4 = 14 + 4 X 8 = 14 + 32 = 46. 

N + O5 == 14 + 5 X 8 = 14 + 40 = 54. 
Sometimes this series is interrupted by 2 of one unit- 
ing with 3 of the other, or 3 of one with 7 of the other. 
Thus,— 

Manganese 1 with oxygen 1 = 
u 2 " " 3 = 

tt 8 " "7 = 

In all cases of affinityy the relative quantities of the 
materials are fixed and invariable. In the examples 
of double elective .affinity, the neutral salts employed 
will form neutral salts by their decomposition ; and in 
all cases when the quantity of one of the constituents 
of a compound is known, all the others may be accu- 
rately calculated : 40 parts of sulphuric acid will take 

the relative proportion of the elements? How illustrated by sugar? 
Do bodies of the same constitution always possess the same properties ? 
How illustrated? How may one element unite with another t Rwr 
iUustrated by nitrogen and oxygen ? What \ar\aWoiia ^am^\I\Ta«?^ ws.<sva\ 
When one of the constituentB of a compound \s "kno^xsk., \\.cr« Ha *^^ "^'nS^ 
2* 
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exactly 48 parts of potash, or 31 of soda ; and 54 parts 
of nitric acid will require the same quantity of the alka- 
lies, as 40 of sulphuric acid, or 36.5 of chlorohydric 
acid, and so on. 

When two bodies have a powerful affinity for each 
other, they never unite in hut few proportions. Oxygen 
unites with hydrogen in but 2 proportions; chlorine 
with the same element in only 1 ;' so the alkaline bases 
with oxygen. Oxygen has but feeble affinity for chlo- 
rine or nitrogen, and unites with them in 5 proportions. 

(§ 31.) Gaseous bodies combine by volume, and observe 
very simple ratios. The following rules are well esta- 
blished : — 

1. When two volumes of one gas unite with one vo- 
lume of another, the resulting quantity is two volumes. 
The one volume is condensed. Thus, two volumes of 
hydrogen unite with one of oxygen, making two of 
vapor (steam). 

2. When equal volumes of two gases unite, the result- 
ing volume is two. Equal volumes of nitrogen and 
oxygen make two volumes of NO2, nitric oxide. Equal 
volumes of hydrogen and chlorine unite and form two 
volumes of muriatic (or chlorohydric) acid gas. 

CRYSTALLIZATION. 

(§ 32.) When bodies in a liquid or gaseous condition 
assume a solid state, they usually take a regular geome- 
trical form, v/hich is called crystallization. To enable a 
substance to crystallize, the particles must be free to 
move ; the freedom of motion produced either by solu- 
tion or heat. 

Exa/r.iple. Take some sulphur, and melt it gradually, 
and when perfectly fluid allow it to cool, till a crust 
forms on the top.' Pierce the crust, and turn out the 
liquid sulphur, and the vessel will be found to contain 



tlie oMiers ? How does the strength of afl&nity compare with the num- 
ber of combinations ? How illustrated ? 

(§31.) How do gaseous bodies combine? What is the first rule? 
What is the second rule ? 

vJ 32.) What is crystaUization ? What must be the condition of the 
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numerous long crystals lying in every direction through 
the cavity made apparent by turning out the fluid sulphur. 

Many substances may be made to crystallize by dis- 
solving them in hot water to saturation, and then allow- 
ing them to cool. The substance being more soluble in 
hot water than in cold, the excess crystallizes on cooling. 
The crystals may be increased in size by quiet evapo- 
ration. 

Alum baskets and crowns are made by forming a basket, 
or a crown of wire, and then dissolving in 2 quarts of 
hot water 4 lbs. of alum, and placing it in a vessel large 
enough to contain the wire-basket without touching the 
vessel, and allowing it to cool. The wire will be strung 
with brilliant crystals. Although the forms of crystals 
are so various, and would seem to defy all efforts at clas- 
sification, yet they may be reduced to six classes or sys- 
tems ; but our limits do not permit us to illustrate this 
subject, and it properly belongs to Mineralogy. The 
general subject however is important in Chemistry. 

Some substances, by being made to crystallize under 
different circumstances, do not crystallize in the same 
system ; and this property of crystallizing in two sys- 
tems is called dimorphism, and the substances are said to 
be dimorphous ; if in several systems, polymorphous. 

Sulphur crystallizing at a high temperature, crystal- 
lizes in long needles ; at a low tetaperature, ^n octohe- 
drons. It is therefore dimorphous. 

It not unfrequently happens, that bodies of different 
natures crystallize in the same form, and are then said 
to be isomorphous. Sulphate of iron and sulphate of 
copper are isomorphous. Isomorphous bodies are simi- 
lar in constitution. This fact has led to important re 
suits in analysis. Isomorphous bodies will crystallize 
on each other without disturbing the crystallization, — 
thus, crystals of alum may be covered with crystals of 
sulphate of iron, and then with sulphate of copper ; so 
that you may have a transparent colorless crystal covered 

substance ? How illustrated by sulphur ? How may many substances 
be made to crystallize ? How many classes of crj^XTyXa^l '^V^x. V^ ^- 
morphism? What is isomorphism^ "WYiaV ^o^ft ^Tuot^Vw^a ^stfi^^^^ 
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with layers of green and blue. Bodies in an uncrystal- 
lized state are said to bo amorphous. In crystallizing, 
the substance often takes up more or less water, which 
is essential to the existence of the crystals. This water 
is called the icater of crystallization, and when heated, the 
substance dissolves in this water, which is called aqueous 
fusion. When the crystals part with their water of 
crystallization spontaneously, and fall to powder, they 
are said to effloresce. Bodies that absorb water from the 
air, and dissolve, are said to deliquesce. 

What is water of cryBtallization ? What is aqueous ftision ? When m 




(§ 33.) History of oxygen, Oxyrj^n was discovered 
in Aiig^ist, 1774, by Priestly, of En^lanri, %vho called it 
depklogislicated air, wliicli meant, according to the Stall* 
lian theory of combustion, then prevalent, that it would 
not burn, or that it had lost its phhglston, which was con- 
sidered the material of flame. About one year later it 
was discovered by Scheele, of Sweden, without knowitig 
of Priestly's discovery, and he called it em/pijrml air, or 
the air of fire. Condorcet, a French nobleman, called it 
vital air, because it was necessary to life. Lavoisier, a 
French philosuphcri called it oxygen, from the idea that 
it was necessary to the production of acids^ which it is 
not; as many acids contain no oxygen. The name given 
by Condorcct was the most appropriate. 

"^ (§ 34.) Natural state. Oxygen is the most abund- 
ant clement. It constitutes | of water, 23 per cent, of 
the atmosphere, and a large portion of the most abundant 
rocks. It is estimated that oxygen constitutes nearly 
one-half of the ponderable matter of the globe. It forms 
48 per cent, of granite and limestone, 47 of gneiss and 
Bandstone, 46 of slate, and 43 of basalt ; these being the 
most abundant materials that make up the cnist of our 
^ globe, 

(§ Zo) Preparation of oxygen* Oxygen is prepared 
by mixing intimately 5 parts of chlorate of potash, and 
1 part of oxide of manganese, and heating the materials 



I Z3A The liistory of oxjgeiLt 
^f 3^.) Natural st^tc of oxys&n^ 





OXTGEX- 



bj a Fj'irii larsp in a fiask or leiors: and receiving the 
gas over waier. 




a Copper retort 

( A eopper tube leading from it. 

c Tube cf India robber to ccnrer tbfc gas to a gms l»{. 

matic troi^h. 
J Ga5 baz. 
e Spirit lamp. 

Explanation, Chlorate of potash consists of chloric 
acid and oxide of potassium. Chloric acid is 5 atoms 
of oxygen and 1 of chlorine ; the oxide of potassium is 
1 of oxygen and 1 of potassium. The chlorate of potash 
is expressed by the formula K0,C10.-^ which becomes 
by heat KCl + 0^ ; that is, the chlorine unites with the 
potassium, forming the chloride of potassium, and setting 
free 6 atoms of oxygen. The manganese is not altered in 
the process. Its presence hastens the process, but in what 
manner is not w^jll understood. This force of mere pre- 
sence is callc^l U^^? catalytic force. 1000 grs. of chlorate 
of potash giVf? f* ^^tlls. of oxygen. 

Oxygen tttrm iUf^ *^^^» Oxygen may be obtained directly from tbe 
air by a niUffftUf pf'nimriy of the oxides of barium. By heating the 
protoxide tftftftHHtH i*f * certain temperature, in air, it absorbs oxygen, 
and heetfjnM fht^ hiiwMe. By raising the temperature higher, the 
binoxid^ ^iv^s ^ttt tU*f <*b»orbed oxygen, and is reduced to the protox- 
idft. My fht">h hiiftiiKf^t of temperature, and changing the apparatus 
no.mrtViiiffU, HtiVt^^h ?*♦ obtained from the air. No apparatus has yet 
lioofj t'(w*\rin^^hi\ ht v^rform this experiment with faciUty. 
» (iKv^/rr iiinf fiitf* w« prepared by heating some of the peroxides; as, 
fli« {ft't'txhih' nf o»«f»^/t;icHO, red lead, or the peroxide of mercury. 



(J 15^ ; M'«w J* ii%ynNi pruparcd? How explained? How may oxy- 
gt«ii l«M h\,^H]um] fvoui tli« air? By what other means? 
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These compounds are reduced to a lower state of oxidation by the 
heat. 

The nitrates, also, will yield oxygen by heating. The nitrate of pot- 
ash (saltpetre) yields oxygen readily by the application of heat. 

(§ 36.) Properties of oxygen. Oxygen is a colorless, 
inodorous, tasteless gas, having never been condensed to 
a liquid form. It is slightly soluble in water. It com- 
bines with all the elements, perhaps excepting fluorine. 
100 cubic inches weigh 34.2 grs. 

It supports combustion. If a lighted stick or taper be 
lowered into a vial of oxygen, it will burn with greatly 
increased brilliancy. If the stick be removed, and the 
flame extinguished, leaving a spark on it, and 
replunged into the vial of oxygen, it will be sud- 
denly relighted. This may be repeated many 
times. 

A piece of charcoal^ with a spark on it, plunged 
into a vessel of oxygen, will glow with great bril- 
liancy. If the charcoal be a piece of hard^'ood 
harkj it mil give out beautiful sparks. 

A piece of iron wire^ coiled round a pencil, 
and the end dipped in melted sulphur, so as to 
retain a small portion when cold, on being lighted 
andjplunged in a bottle of oxygen, will burn with 
great brilliancy. 

Phosphorus burns in oxygen with a light of 
insupportable intensity. Sulphur burns with a 
beautHul blue light. 

The above experiments show the necessity of 
having the oxygen diluted in the atmosphere; 
otherwise, everything combustible would burn 
up on having its temperature raised to red heat. 
Our stoves and andirons would burn like tinder, 
and our candles would give intense light, but would soon 
burn out 

(A deflagrating spoon, as it is called, is wanted for the coal, sulphur, 
and phosphorus ; which may be very easily made by taking a piece of 

(2 36.) What are the preparations of oxygen? How may its powers 
to support combustion be shown ? How of charcoal ? How by iron 
wire ? How of phosphorus ? What do these expervm^wl^ ft\w«\ 
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chalk and hollowing it out, and attaching it to a piooo of wire, by which 
it may be let down into the oxygen.) 

(§ 37.) Oxygen is essential to animal life. No ani- 
mal can live without oxygen. No matter what the other 
conditions of its existence are, \Vhether it lives on the 
laud, in tlio water, or in the mud or caves of the earth, 
it must have free oxygen ; and this it gets from the air. 
No animal can live where the air does not penetrate. 

The oxygen acts in supporting life, just as it does in 
supporting combustion. The fuel we burn and the food 
that animals live on, are materials composed of the same 
elements. The oxygen combines with the elements of 
the fuel, and heat is the result ; so the oxygen unites 
with the elements of the food, and produces just as 
much hoat as though the food, thus acted, on, had been 
burned. 

(§ 38.) There are three class of bodies produced by 
combustion i^oxitles or bases, indifferent oxides^ and acids, 
AVhen potas'sium burhs it produces an alkaline base; 
w'licn iron burns it produces an indiflorent oxide, having 
no tendency to unite with acids. When carbon, sulphur, 
and phosphorus burn they produce acids. 

(§ 39.) The weight of the products of combustion is 
as much greater than the body burned, as the amount of 
oxygen consumed. . Could the products of the burning 
of a log of wood be gathered, they would weigh as much 
more than the log weighed as the amount of oxygen used 
in its combustion. 

(§ 40.) Oxygen causes most of the changes that 
occur around us. All the processes of decay are caused 
by this agent. If free oxygen be excluded, the most 
perishable materials are preserved. Fruits and meats 
are kept in sealed cans, unaffected by other agents, pro- 
vided oxygen be wholly excluded. The rotting of 
wood, and the decay of other organic substances, the 

(J 37.) What relation of oxygon to animal life? How docs it act in 
supporting life ? How related to heat ? 

(2 88.) What three classes of bodies produced by combustion ? How 
illustrated ? 

rj 89.^ How is the weight of the body burned afifected ? 

(g 40.) What change does oxygen caused Ko^ \\\\i^Vt;>X.^^^ 
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fermentation of the juices of fruits, are all due to the 
agency of oxygen. It acts on all hurtful materials, and 
forms them into compounds suitable for vegetable 
growth, or reduces them to a stable condition, in which 
they are inert. 

The production of force by steamy galvaiiism, or animal 
life J is all due to the action of the same agent. Those points 
will be more particularly considered under Carbon. 

(§ 41.) Uses of oxygen. Oxygen has been used in 
cases of asphyxia from drowning or suffocating gases. 
It is also used in producing what is called the Budo 
light, in which an ordinary flame is supplied with a cur- 
rent of oxygen. For a high degree of oxidation of the 
metals, they are exposed while heated to a stream of 
oxygen. 

(§ 42.) Ozone. This remarkable substance is now 
considered a peculiar condition of oxygen. It was first 
detected in the atmosphere by Schonbein, of Basle, in 
1848, who found that it was produced by electrical dis- 
charges ; by the electrolysis of water ; and by the action 
of phosphorus on moist air. It is an active state of 
oxygen. 

Properties of ozone. It is insoluble in water, pos- 
sesses powerful bleaching properties, and is one of the 
most powerful oxidizing agents, converting the metals 
into the peroxides, and often protosalts into pcrsalts. 
It is in this form that it oxidizes malarious exhalations, 
destroying the otherwise hurtful materials of the air 
and water, and acting always as a purifier of these ele- 
ments. 

Preparation, It is most easily prepared by exposing 
a stick of phosphorus in a bottle of air, with water 
enough in the bottom to half cover the phosphorus. It 
may also be readily prepared by placing a few drops of 
ether in a bottle, and shaking it, and then immersing 
a glass rod heated to a point much below redness. The 

What of the forces produced by steam, animals, &c.* ? 
(§ 41.) What are some of the uses of oxygen? 

(I 42.) What is ozone ? When and by whom discoyered ? How pre- 
ared ? How is the test for ozone prepared ? 
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oxygen will instantly become ozone, as the test-paper 
will show. 

Test for ozone. Take 1 part of iodide of potassium, 
and 10 parts of starch, and boil them in 200 parts of 
water. Papers dipped in this will detect the minutest 
portions of ozone in the atmosphere, or in a vessel, by 
turning blue. 

From the more recent researches of Professor Schonbein, he infers 
the existence of two kinds or conditions of aUotropic oxygen, one of 
which he calls minus — , the other plus + ; i. c^ "that it is a posi- 
tively active and a negatively active oxygen," and that by a combina- 
tion of these they neutralize each other. The minus — oxygen is what 
we call ozone, and the compounds containing it Schonbein calls ** ozo- 
nids." The compounds containing th« -f- oxygen, he calls " antOzonids.*' 
Of the former class are oxide of silver, peroxide of lead, and perman- 
ganic acid, &c. ; of the latter, binoxide of hydrogen, peroxide of 
barium, &c. 

Ozone will be further considered under Atmosphere. 

(§43.) Solubility of oxygen by water. Water at ordinary temperature 
absorbs only ^^ of its volume of oxygen ; but even this smaU quan- 
tity affords the means of respiration of all fishes and branchiate ani- 
mals. 

{I 44.) Magnetic character of oxygen. Faraday has shown that oxygen 
is highly magnetic, or susceptible of magnetism in its ordinary state, 
and bears similar relations to magnetism that iron does ; losing its 
magnetism by heat and regaining Jt by cooling. Forming, as it does, 
a sliell around the earth, it influences the magnet as a sheU of iron 
would y^^ inch in thickness, similarly situated. 

(J 45.) Relations of oxygen in combination. When oxygen combines 
with an element for which it has great aflSnity, it is exceedingly difl&cult 
to dislodge it from its state of combination, as with potassium, silicon, 
and carbon ; but when, in combination with those elements, with which 
it manifests little tendency to combine, it yields itself tip to the slight- 
est influence, and forms the most energetic explosive compounds ; as in 
chloric acid, nitric acid, and fulminic acid. It is the sudden liberation 
of oxygen in these cases that causes the explosions, when these mate- 
rials are used. In the two former, the oxygen leaves its state of com- 
bination with the chlorine and nitrogen, and enters into combination 
with some combustible material present, as phosphorus, sulphur, or 
carbon. In the latter, it is the breaking up of an exceedingly unstable 
compound. Oxygen, in most cases, giving the energy, by suddenly 
passing to a state of freedom, or, with equal suddenness, passing to 
another state of combination. 

(J 43.) What is said of the solubility of oxygen? 

{b 44.) What of its magnetic character? 

[\ 45.) What the relations of oxygen in combination? What form 
explosive compounds ? How with chloric and nitric acids ? How with 
fulminic ? 
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(J 48.) Rdations of oxygen to heat. In order ih.it or.ygpn may combine 
with most bodies rapidly, the temperature must b«» raised. The point 
at which this rapid combination takes place is Ycry ditu'rent in dilFeront 
substances. Phosphorus, under favorable circumstances, burns at 00° 
or 70° Fnhrenheit. Sulphur at 560°, carbon at red heat, iron at white 
heat; while potassium and sodium will combine rapi<lly with oxygen 
even on ice. Heat is unquestionably essential to make oxygen combine 
with any element. Yet oxygen unites slowly with many ol" the ele- 
ments, causing gradual decay, as with carbon and hydrogen in combi- 
nation. This slow process is called eremacausis. Heat is always lib- 
erated in the combination of oxygen with a combustible body, but when 
it unites slowly it cannot keej^up with this radiation, and the tempera- 
ture is but little elevated. The amount of heat disengaged by the union 
of an atom of oxygen with an atom of the other elements is very differ- 
ent for the different elements. 

The following table shows the relative amount of heat liberated by 
the combination, an equivalent of oxygen uniting with an equivalent of 
another element. 

8 of oxygen with 1 of hydrogen gives 85.000° of caloric. 

8 of oxygen with 6 of carbon gives 40,000° of caloric. 

8 of oxygen with 16 of sulphur gives 30,000° of caloric. 

8 of oxygen with 28 of iron gives 3o,(MX)° of caloric. 

8 of oxygen with 32 of copper gives 21,000° of caloric 

It will be seen by the above table, that for equal quantities of the 
combustibles, hydrogen will give 4 times as much as carbon, and 18 
times as much as sulphur, and 28 times as much as iron, and more than 
60 times as much as copper. The two elements that give the most heat 
are those that we us© for producing heat by ordinary combustion. On 
the contrary, heat often breaks up the combination of oxygon with other 
bodies, as our processes of preparation of oxygen abundantly show. 

(g 47.) Circumstances govern the action of oxygen in a great measure^ as 
well as that of other elements. Under certain conditions, oxygen will 
leave potassium and unite with carbon, and under other circumstances 
it will leave carbon and unite with potassium. Heat pure carbon and 
potash in a vessel to white heat, and the oxygen of the potash will leave 
the potassium and combine with the carbon, forming CO3 (carbonic acid). 
Heat COj with K (potassium), and the oxygen will leave the carbon 
and unite with the potassium, and carbon will be deposited. Pass 
steam (HO) over highly heated clean iron (Fe) in a tube, and the oxy- 
gen of the water will leave the hydrogen and unite with the iron, form- 
ing the oxide of iron, and the hydrogen (H) will pass on through the 
tube. Pass the same hydrogen back over the heated oxide of iron, and 
the oxygen will leave the iron and unite with the hydrogen, forming 
steam, and pure iron (Fe) will be left in the tube. This apparent capri- 
ciousness of oxygen in changing its relations, is no doubt governed by 
fixed laws, which are not so obvious as we might desire. There are 
numerous cases of this kind in Chemistry. 

(§ 40.) Relations of oxygen to heat? What is eremacausis? What 
takes place when oxygen combines with other elements? How is the 
amount of heat liberated ? What bodies liberate the most heat? 

(J 47.) Do circumstances govern the union of o^xy^^iYi V\\\\ QV\i^t ^^- 
menia ? How illustrated hy C and K? How VitYi U iv.ii^ 'B^i^ 
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(I 48.) Ojcygen is the controllmg eleiru^nt on the earth ; jet it may 
t»ot be on oiber jilanedirjf bodies. MHcoHtcs selilom ciliibit the agency 
^of oxjgen, aud have no signs of haTing been subjected to its itiJliLefioei 
till reaching the aiiuoapliere of the earth. 

(§ 40*) When oxygen acta on Bomo m^tala^ nnder fayorable oiitJlim- 
itancGs, it tlesirojs them wholly, ag iron, potassium, &e. In other case^^ 
pt simply tarnishea tlicm, and acta no more, as copper, lead, tin, &o. 
I^bc reason of thia difference m, that in those it destroys, the oxide does 
Ffiot adhere to the subjutocnL metal, but rise a np in scales, and exposes & 
ticlcan surface for its fui-ther action; on the contrnry, the tarnish on 
Jcopper, tin, lead, &c., is a suboside (MjO), and adheres to the subjacent 
rinetitl and protects it, like a varnish, from the further action of the 
L oxygen, 

MEiny gaseous bodies may be reduced to a liquid state hj cold and 
IpreBsure ; oxygen has never been reduced to a liquid state. 
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Sjm. CI E<i. 35.45. Sp, gr, 2,44, 

(§ 50.) Discovery of chlorine. CKLorine was disco- 
Tered bj Soheele, in 1774, who called it depilogisticatcd 
marine acid, that is^ marine acid (muriatic acid) deprived 
of its phlogiston. If Scheele meant by phlogiston, hydro- 
jen, which is the only body that ever answered to tliat 
term, he was correct in his nomenclature; but that fact 
wm '7iot dkcovered till nearly half a century afterwards, 
Bertholiet and others called it oxygenated muriatic acidj 

jlliat is, muriatic acid combined with oxygen : an error 
briginating from a mistaken idea of the reaction of the 
aiaterials used in its preparation. In 1809, G-ay Lussac 
and Th^nard classed it among elementary bodies, but this 
classification was resisted by the most eminent chemists, 
especially by Dr. Murray of Edinburgh, who carried on a 
contest for many years with Sir Humphrey Davy; but 

ijthe latter finally triumphed, and gave the name chlorine 
to the new elementi in allusion to its green color. 

(g 48,) What is the controlling element of the earth ? What ia said 
of mcieoi-ite^i? 

(5 4&.) How does oxygen act on some meiala! How on otbersf 
Wliat is the cause of this difference ? 

(I 50.) When and by whom was chlorine diacoTergdf By what name 
WAS H kaowa ? Wbo called it chlorine ? 
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I 

I 



CHLOKiJ^fE. 



45 



(§ 51.) Distxibution of ohloxine. Chlorine exists iu 
large quantities, in combination with sodium, forming 
common salt, being about 60 per cent, of that substance. 
It also occurs in combination with magnesia, lead, silver, 
&o. Chlorohydric acid is exhaled from volcanoes. It 
occurs also both in the animal and vegetable kingdoms. 

(§ 52.) Preparation. The simplest method of prepa- 
ration is to gently heat, in a retort or flask, chlorohydric 
acid (muriatic acid (HCl)), with the binoxide of man- 
ganese (Mn02) (black oxide of manganese), when the fol- 
lowing reaction takes place : chlorohydric acid is ClII, 
peroxide of manganese Mn02. The oxygen of the per- 
oxide unites with the hydrogen of the chlorohydric acid, 
forming two atoms of water, and one atom of chlorine is 
set free, and the other atom unites with the manganese, 
forming chloride of manganese, as is expressed by th« 
following formula — 

Mn02 +2CIH = MnCl + 2H0 + 01. 

Another method of preparing chlorine, when it is re- 
quired in large quan- 
tities, is to use common 
salt ^aCl) instead of 
muriatic acid; and sul- 
phuric acid is used to 
liberate the chlorine 
from the salt. Take 4 
parts of common salt 
and grind it with 3 
parts of peroxide of 
manganese, and put 
them in a flask or re- 
tort. Take 4 parts of 
^--^Kdphuric acid and 3 
parts of water; mix 
them and let them 
stand till nearly cold; 




a PDcuxnatic trough. 

b Retort. 

c Lamp Rtand. 

d Bell glass receiver. 

« Shelf in the pneumatic trough. 

/Spirit lamp. 



then turn the mixture on the materials in the retort. T. 



(I 61.) How distributed ? 

(I 62.) How prepared ? What reaction takes place ? 
by symbols t How made in large quantities? 



How expressed 
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reactioil is as follows : One atom of the oxygen of the per- 
oxide of manganese unites with the sodium of the com- 
mon salt, forming the oxide of sodium and liberating the 
chlorine; and two atoms of the sulphuric acid unite, 
one with the protoxide of manganese and the other with 
the oxide of sodium, forming the sulphates of manganese 
and sodium, as represented by the following formula — 
MnO. + NaCl -f^SOa ----- I^fnOSO^ + NaOSOa + CI. 
Chlorine gas must be collected over warm water or 
over salt water, as it is largely absorbed by pure cold 
water ; 2 to 3 times its volume is absorbed, 

(§ 53.) Properties of chlorine. Chlorine is a yellow- 
ish-green gas, with but little intensity of color, with a 
suffocating effect when breathed ; supporting the combus- 
tion of some bodies, and inflaming some spontaneously. 
Has a powerful affinity for hydrogen, and owes its most 
important applications to this property. Bleaches and 
disinfects, to which purposes it is extensively applied. 

Its effect on a burning candle. Chlorine supports 
the combustion of a common candle but imperfectly. 
Lower a lighted candle into a vessel of chlorine gas ; it 
continues to burn for some time with much smoke. 

Explanation, The chlorine has a powerful affinity for 
the hydrogen of the candle, and no affinity for the car- 
bon ; hence the accumulation of the car- 
bon in the form of soot extinguishes the 
flame. 

It inflames some substances spon- 
taneously. Lower a piece of phospho- 
rus into a vessel of chlorine, and it will 
soon be inflamed, and burn v/ith a pale 
flame; or direct a current of chlorine on 
to a piece of phosphorus, and it will 
f inflame. Sprinkle some powdered sul- 
phuret of antimony into a tall v^essel of 
^*3y''luflEd"'in chlorine, and it will inflame before it 
chlorine. rcaclics the bottom. 




Wliat is tho reaction? Wliy must chlorine be collected over warm 
water ? 

[I <■);*.) What are tho properties of chlorine? How doen it affect tho 
biirnirj^ f>f ri cnndl*?? Kxpl'ination ? W'hnt effect <m \^\\rkS^>V'..Y\\* ^\\v\ 
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Dip a piece of brown pa|)^ into spirits of turpentine, 
and immerse it in a vial of chlorine ; it will 
be instantly inflamed. Gold, silver, or cop- : 
per leaf mil be inflamed in pure chlorine. 
The chlorine acts more promptly in these 
cases if it is warm, and from having been 
exposed to the light. 

Bleaching by chlorine. Chlorine will 
destroy animal or vegetable colors. Put 
a piece of printed, moistened calico in a 
vessel of chlorine, and the color will soon 

be discharged. ^^^ cntine inflamed 

The chlorine has a strong affinity for the in chlorine. 
hydrogen of the water, which it seizes, and the oxygen 
destroys the coloring matter. Although oxygen was 
present in a free state before, and in contact with the 
coloring matter, yet it did not destroy it. When an 
element is passing from a state of combination to a free 
state, it is said to be nascent, and it will then enter into 
combinations, that it will not do in a free state. This 
principle is of extensive application in chemistry, and 
in natural phenomena, which we shall have occasion to 
notice hereafter. 

From the bleaching properties of chlorine it is exten- 
sively used in the manufacture of white and printed 
cotton and linen goods. Although oxygen will slowly 
bleach in sunlight, yet it takes months to do what may 
be done in days b}'- chlorine. Pure chlorine is seldom 
used in bleaching, on account of its injurious effects, 
when pure. It is used in combination with lime, called 
bleaching powder, of which we shall speak hereafter. 
Chlorine disinfects, destroying odors and noxious gases. 

(§ 54.) EflTects of chlorine on ammonia and sul- 
phuretted hydrogen. Pass some bubbles of sul- 
phuretted hy(&ogen into a large close jar. Its presence- 
may be detected by wetting a slip of paper in sugar of 

antimony? AVhat on spirits of turpentine? What effect does chlorine 
have on colors ? How is the bleaching process explained ? 

(2 64.) What effect of chlorine on ammonia and a\xlT^VvMTt\\.^Wv^^\^* 
gent 
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lead and putting it in the jar, when it will be turned 
brown. Now pass in a few bubbles of chlorine from a 
small flask or pipette, and the test for lead is no longer 
given. The powerful, disgusting odor also will indicate 
the presence of the noxious gas, which free chlorine will 
immediately destroy. 

Hang a paper dipped in ammonia in a jar, and its pre- 
sence is readily detected by its pungent odor. Pass a 
few bubbles of chlorine from a pipette, and the odor im- 
mediately disappears. 

Ammonia and sulphuretted hydrogen are the most 
abundant productions of decay and putrefaction, and 
chlorine and ozone readily remove them. They are the 
scavengers of the earth, whether the noxious gases or 
products are in air, water, or soil ; they seek them out 
and destroy them as far as they are able. In doing this 
they destroy their own powers: they ruin themselves 
in doing work for the benefit of man. 

Chlorine in some of its combinations forms the most 
powerful compounds, of which we shall have occasion 
to speak hereafter. 

(§ 55.) Test for chlorine. Chlorine is readily de- 
tected by the agency of nitrate of silver. Drop a few 
drops of nitrate of silver into a suspected solution, and 
if chlorine, in any of its ordinary combinations, is pre- 
sent, it will give a dense white precipitate, which will 
turn purple in the sunlight. The chloric acid will not 
give this test. 

(§ 56.) Chlorine is poisonous. Chlorine is poisonous 
when breathed in large quantities. But a small quantity 
in the air is endured by workmen without material injury, 
and all malignant diseases are unknown among such 
workmen. 

(2 57.) Solubility of chlorine. Water at a temperature of 50° 
absorbs about three times its volume of chlorine, and what is singular, 
absorbs less in water colder than 50°, as well as in that which is warmer. 

To impregnate water with chlorine, a series of Woolf 's bottles should 

Where do they occur? What destroys them ? 

n 65.) What is the test of chlorine? 

(§ 56.J What effect on animals? 

(I 57.) What singular circumstance connected with the solubility of 
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a Bottle with materials for {^eneratinc; chlorino. 

b Washing bottle, containinj? small (luantity of water. 

c, d, e Woolf '8 bottles, containing water, or "any other gubstance to be impregnated with 

chlorine. 
/Residuum bottle, containing milk of lime, or carbonate of goda. 

be used, as represented in the figure ; the first containing only a small 
quantity of water, to arrest any impurities that may come over with the 
gas, and to the last bottle should be attached a bottle containing milk 
of lime, or a solution of sal soda, to absorb any chlorine, that might 
escape absorption by the water. This solution of chlorine is of a yel- 
lowish color, haying the odor of chlorine, and possesses the properties 
of chlorine. It must be kept in dark bottles, or in a dark place, as 
the chlorine will decompose the water, and form chlorohydric acid. 
This may readily be seen by putting a blue test-paper into some recently 
prepared chlorine, and it will be instantly bleached ; but into that hav- 
ing been prepared some time, it will first turn the paper red, and then 
bleach it. A trace of chloric or perchloric acid may also be detected in 
the solution. 

Chlorine is readily reduced to a liquid state by cold alone, or by cold 
and pressure. If chlorine is generated in one end of a curved tube, 
while the other is kept cool, the chlorine will be condensed into a yel- 
lowish oily liquid. This is accomplished by subjecting a solution of 
chlorine to a temperature of about 28° Fahr., when the chlorine unites 
with a definite quantity of water (ClioHO), 
and crystallizes. These crystals are sepa- 
rated from the water which unites with it, 
by filtering them, and pressing them between 
folds of bibulous paper ; then putting these 
crystals into the tube, represented in the 
figure, sealing the open end, and applying gentle heat to the end con- 




chlorine in water? How must a solution of c\i\oTiiift\ift Y«^\.1 '^Vj'^ 
How is the ohange proved ? How may cMoT\i[ie \ift m\i^^ \\wa!A\ 
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taining the crystals, the chlorine will distil oyer, and condense into a 
liquid by its own pressure. 

(§ 58.) Chlorine is a powerftil oxydlzing agent. 

Chlorine, as we have seen above, bleaches by producing 
nascent oxygen in decomposing water ; so we may con* 
vert protosalts into persalts by taking advantage of the 
same agency. A solution of common copperas, the pro- 
tosulphate of iron, by exposure to the air, will gradually 
become, the . persulphate, but by passing a current of 
chlorine through it, it will become immediately so. 

(§ 59.) Combinations of chlorine. Chlorine combines 
with most of the metals, forming chlorides, which in most 
cases look like salts, and are called haloid salts ; common 
salt is an example (NaCl) (chloride of sodium). Calomel 
and corrosive sublimate are chlorides of mercury; the 
former Hg2C], the latter HgCl. It combines also with 
most of the other bodies like oxygen, and sometimes 
takes the place of oxygen or hydrogen in organic com- 
pounds ; as in chloroform, taking the place of oxygen in 
formic acid, and produces chloroform. When dry chlo- 
rine acts on organic materials, it takes out the hydrogen, 
by its strong affinity for that element, and the place of 
the missing hydrogen is supplied by other atoms of 
chlorine. 

Chlorine is capable of assuming a similar condition to 
that of oxygen, when the latter is called ozone. Light 
produces this effect. It has long been known that if 
equal volumes of chlorine and hydrogen be mingled in 
the dark or screened from the light, and be brought into 
the sun's rays, they combine explosively. Dr. Draper 
has shown also that if the chlorine be exposed to the 
light, and then mingled with hydrogen, in the dark, it will 
combine with the hydrogen ; showing that the light had 
impressed on it a new property. This different action is 
not confined to these conditions, but in its various com- 
binations manifests most strikingly dissimilar results, 
which space forbids our detailing. 

(J 68.) How is the oxidizing agency of chlorine shown ? 

(I 59.) With what does chlorine combine? What called? What is 
common salt ? What conditions may chlorine assume ? How illus- 
trated? 
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(§ 60.) Chlorine and oxygen. Chlorine forms five 
regular compounds with oxygen, which are very -mstuble; 
and a remarkable property in regard to them is, that the 
highest compounds are the most stable. 

1. CIO = hypochlorous acid. 

2. ClOs = chlorous acid. 

3. CIO4 = hypochloric acid. 

4. CIO5 = chloric acid. 

5. CIO7 = perchloric acid. 

The first and fourth only are of sufficient interest to 
demand the student's attention. The first is the active 
agent in those compounds known under the names of 

bleaching powders," ''chloride of lime," "chloride of 
soda," '* Labarraque's disinfecting liquor," i&c. 

The fourth, or chloric acid, is the acid, that forms 
the chlorate of potash, rendering important service from 
*ts yielding oxygen so readily, for oxidation or com- 
bustion. 

(§ 61.) Production of the hypochlorites. When a 
current of chlorine is passed into a cold dilute solution 
of an alkali, or alkaline carbonate, or alkaline earth in 
solution or suspension, one atom of chlorine unites wiih 
the metal liberating the oxygen, which unites with an 
atom of chlorine forming hypochlorous acid, which unites 
with one atom of the oxide of the metal forming the 
hypochlorite. These are the bleaching compounds. The 
following formula expresses the reaction on lime, either 
dry or suspended in water — 

2CaO + 2C1 = CaCl + CaO,C10, 
The last of which is the symbol of the hypochlorite of 
lime. 

A stronger acid excludes the hypochlorous acid and 
the chlorine of the chloride, when they both act to do 
the bleaching or disinfecting. The pure acid is one of 
the most active agents, — a slight heat or the contact with 
a combustible body produces explosion. 

(§ 60.) How many compounds of chlorine and oxygen are there? 
Which two of practical interest ? Why ? 

(J 61.) When is hypochlorous acid produced? What \ft \.\i^ x^WiMvstA 
What are the properties of the fteid ? 
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(§ 62.) Production of chlorate of potash. When a 
current of chlorine is passed through a concentrated 
solution of caustic potash, 6 atoms of the potash (6K0) 
are actel upon by 6 atoms of chlorine (6C1), producing 
1 atom of chloric acid CIO5, and 5 atoms of chloride of 
potassium 5KC1, as expressed by the following equation — 
6K0 + 6C1 --= KOCIO5 + 5KC1. 

The chlorate is crystallized out, and the chloride of 
potassium left in solution. 

(§ 63.) Action of acids on the chlorate of potash. 
The action of sulphuric acid on the chlorate of potash 
liberates one or more of the compounds of chlorine, which, 
if combustibles are present, act powerfully upon them. 
Some sugar ground to powder, mingled carefully with 
some powdered chlorate of potash, and a few drops of 
sulphuric acid dropped on the mixture, the sugar is in- 
flamed by the liberated compounds of chlorine. This 
composition formerly formed the lucifer matches. 

Muriatic acid liberates a highly explosive gas of a 
jrellow color, supposed to be a compound of 9 atoms of 
chlorine and 3 of hypochloric acid. Davy discovered it 
in 1811, and called it euchlorine, that is, beautiful chlo- 
rine. To make it take 1 part of chlorate of potash, 2 of 
muriatic acid (HCl) and two of water (2H0), and gently 
heat them in a test-tube, and the tube will become filled 
with a beautiful gas. Suspend a piece of brown paper 
at the end of a stick, and dip it in spirits of turpentine, 
and let it down into the gas, and it will explode. 

(§ 62.) When is clilorio acid produced? What is the reaction ? How 
is the chlorate separated ? 

(2 63.) How does SOj act on the chlorate of potash? How muriatio 
acid ? What is euchlorine ? 
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IODINE. 
Sym. I. Eq. 127.1. Sj: . gr. 4.948. 

(§ 64.) Discovery of iodine. Iodine was discovered 
by M. Courtois, a saltpetre manulacturer of Paris, in 
1812. The kettles in which he crystallized carbonate 
of soda from the ashes of sea- weeds, were corroded by 
the residual liquor, and when sulphuric acid was applied 
to this liquid, while hot, beautiful violet colored vapors 
arose, which became deposited on cooling in dark colored 
scales. This substance was submitted to M. Clement, 
who described it in 1813 ; but Gay Lussac and Davy 
determined it to be an elementary body, and called it 
Iodine; which means violet-colored, in allusion to the 
color of its vapor. 

(§ 65.) DifMsion of iodine. Iodine is very exten- 
sively diffused, but in minute quantities. It occurs in 
greatest abundance in the lower animals and plants, 
growing in sea water. Molluscs, sponges, and other 
radiatae contain iodine. Genera from the order Fucacess 
afford the iodine of commerce. They are sea-weeds, and 
are collected in immense quantities on the sea-coasts and 
burned ; the ashes of which are called kelp, from which 
carbonate of soda and iodine are obtained. Iodine is 
also found in many mineral springs. One of the Sara- 
toga springs is called the Iodine Spring;^ 

(§ 66.) Properties of iodine. Iodine occurs j 
in dark-colored scales, resembling black-lead. 
It is very volatile ; slightly soluble in water (1 
part of iodine in 7000 of water); very soluble in 
alcohol. In some of its properties it resembles 
chlorine, but does not bleach. 

Vapor of iodine. Put some grains of iodine 
in a dry flask, or test-tube, slightly stopped, and 
apply a gentle heat, the flask becomes filled 

( J 64 ) When and by whom was iodine discovered ? Who determined 
it to be an elementary body ? Why caUed iodine ? 

ij 66.^ Where does iodine occur ? 
I 66.) What are some of the properties of iodine t B.o'^ Va \Xia '^\i\^t 
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with dense violet -colored fumes. Sp. gr. 8.716; air being 
one. 

Effect on starch. Boil a grain of starch in a gill of 
water, and when cold, take a portion of it, and drop into 
it a few drops of tincture of iodine, a beautiful blue color 
will be produced. From this we see, that starch is the 
most delicate test for iodine; and on the other hand 
iodine the most delicate test for starch. 

Action of iodide of potassium on starch by the agency of 
ozone and chlorine. Drop a solution of iodide of potassium 
into the solution of starch, and no effect is produced ; but 
submit it to the action of ozone or chlorine, and it imme- 
diately gives the characteristic color. The reaction is 
obvious : the chlorine or ozone unites with the potassium, 
and sets free the iodine, which then acts on the starch, 
forming the blue color. 

From this we learn that iodine must be free to give 
the test, whicli is occasioned by the action of the ozone 
or chlorine. Boil the blue solution and it becomes color- 
less, and when it cools the color returns. 

To test iodine the materials must be cold, and the 
iodine free. 

(i 67.) Action of iodine on the animal system. Iodine is poi- 
sonous, when taken internally^ and acts as a resolvent. In cases of the 
swelling of a gland in the throat, called the goitre, burnt sponge was a 
common remedy in Europe, and for the same disease in South America 
the stems of certain sea-weeds of the order fucacesB, viz., Sargassum, 
bacciferum, and Fucus vessiculosus, and various species of Laminaria. 
It is a singular coincidence, that these articles were used in distant parts 
of the world, and without knowing why they produced cures, when the 
effects, in all cases, were dependent upon the presence of iodine, of 
which those using them were utterly ignorant. 

(J C8 ) Iodine in photography* Iodine is the basis of all photo- 
graphic productions. Daguerre used iodine alone, which was not very 
sensitive, on a silver plate, and the inj^ression was very faint. Other 
materials give quickness and depth of shade. Chlorine and bromine 
are usually used in connection with iodine. 

of iodine exhibited ? What is its effect on starch ? What effect of ozone 
or chlorine on a solution of starch and iodide of potassium? How ex- 
plained ? How must the materials be to test iodine ? 

(J G7.) What is the action of iodine on the animal system ? For what 
purpose have some plants been used? To what did they owe their 
efficacy ? 

(§ 08. ) Of what is iodine the basis ? How do other materials affect it T 
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(J GO.) Iodine rises in vapor at low temi)erature, as may easily he 
proved by placing a plate of silver over a vessel containing some sca'.cs 
of iodine, and it vrill be tinged yellow by the iodine. The vnpors of 
iodine condense more readily on dark-colored substances than on light 
colors, as discovered by M. Niepce. This is taken advantage of in 
copying engravings or prints, by exposing the engraving to the vapor 
of iodine, and then pressing them in paper, slightly moistened, sized 
with starch ; and if properly timed, the impression is verj' distinct ; if 
too long, the light parts become turbid; and if too short, the dark parts 
are indistinct. Black and white objects, many or all of them, have the 
same effect. The black parts of a spotted feather make the impression, 
while the white parts do not. Elevated portions take the vapors more 
readily than the depression — as in seals and medals. 



FLUORINE. 
Sym. F. Eq. 19. 



(§ 70.) This element is so difficult to isolate that its 
character is but little understood. Its affinities are so 
powerful, that when separated from one state of combi- 
nation it immediately enters into another. It is sup- 
posed to be a gaseous body resembling chlorine. Its 
combination with lime forming fluor spar, and a gas 
eliminated from this by the agency of sulphuric acid, 
which would etch on glass, was known as far back as 
1670. It was not however till 1810, that Ampere fii-st 
considered this acid to be a compound of hydrogen and 
fluorine, which has now been demonstrated. 



BROMINE. 

Sym. Br. Eq. 80. Sp. gr. 2.966. 

(§ 71.) Discovery of bromine. This element was 
discovered by M. Balard of Montpelier, France, in 1826, 

(J 69.) Does iodine rise in vapor at low temperatures ? How proved ? 
How may engravings be copied ? 
(| 70. J What is said of fluorine ? 
(J 71.) When and by whom was bromine disco^exed^ 
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and called bromine from the Greek word hromos^ a ste Dch, 
in allusion to its disagreeable odor. 

(§ 72.) Distribution of bromine. Bromine exists in 
marine plants ; in some mineral springs ; and in some of 
the lovv^er classes of marine animals. For commercial 
purposes bromine is now obtained from the mineral 
springs of Kar shall in Germany. 

(§ 73.) Properties of bromine. Bromine is a dark- 
red liquid, very volatile; when exposed to the air, pass- 
ing ofl' in a dense vapor with a disagreeable smell. It 
is very poisonous. A drop takes off the cuticle, pro- 
ducing a sore. Like chlorine its vapor bleaches, and 
many of its affinities bear a close resemblance to 
chlorine. 

(§ 74.) Uses of bromine. Its use is mostly in pho- 
tography, making the coating more sensitive, and giving 
a deeper tone. It gives a yellowish red color to starch. 

(§ 75.) The five preceding elements — oxygen, chlorine, 
iodine, fluorine, and bromine, have a relationship, that 
makes it very appropriate to consider them together. 
They are not, according to the common acceptation of 
the term, combustible, but are supporters of combustion, 
and are electro-negative when combined with all other 
elements. They form the large class of haloid salts, and 
produce many of the acids for the production of other 
salts. 



hydhooen. 

Sym. H. Eq. 1. Sp. gr. 0.0692. 

(§ 76.) Discovery of hydrogen. Hydrogen was dis- 
covered in 1766, by Cavendish. It was previously known 



ii 



!J 72.) Where is bromine found? 
I 73.) What are the properties of bromine? 
(J 74.) For what mostly used? 

!J 76.) What common character have the five preceding elements ? 
I 76.) When and by whom was hydrogen discovered ? What other 
names had it ? 
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by its effects as a natural production, and was called wild 
fire by miners, and light infiammable air, and by philo- 
sophers jp/ifo^i5/o?2. The name Hydrogen was given to it 
from its being a generator of water, from the Greek word 
hicdor, water, and gennao, I produce. 

(§ 77.) DifTusion of hydrogen. Hydrogen is an ele- 
ment universally diffused. It constitutes -Jtli part, by 
weight, of water. It enters into the constitution of most 
animal and vegetable substances; forms portions of 
many compound gases that issue from the earth and 
springs. 

(§ 78.) Preparation of hydrogen. The most simple 
method of preparing hydrogen is to pour on some frag- 
ments of zinc or iron filings, or turnings, sulphuric acid, 
diluted by twice its volume of water. 

Explanation, Water is oxygen and hydrogen (HO), 
the oxygen, having a stronger affinity for the iron, under 
the circumstances, than it has for the hydrogen, leaves 
the hydrogen to unite with the iron, and the hydrogen is 
set free. We may prevent its entire escape by receiving 
it in vessels inverted over water, or in gasometers. The 
sulphuric acid hastens the process by uniting with the 
oxide of ii'on as fast as formed, and thus exposing a 
clean surface. The same process would take place with- 
out any acid, but it would require months to accomplish, 
without the acid, what is accomplished in a few moments 
with it. Whenever moist iron rusts, the same process 
takes place, that wo have explained. The following 
formula expresses the change — 

Fe3 + 4HO = FeA+n,. 

That is, for three at<>Tns of iron and four of water, we 
get four of hydrogen. 

(§ 79.) To obtain hydrogen for experimental purposes, 
we use a retort, with the beak placed under the shelf of 
the pneumatic trough, and receive the gas in inverted 
bell-glasses, filled with water; or a gas' generator, which 
is most convenient, is used, by which we can have a 
supply of hydrogen at any time and in any quantity. 

(i 77.) How diffused? (J 78.) How i^tc^kc^^I 

4 
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This instrument consists of a large strong glass vessel, 
^ with a wide mouthy 

Jlp:^}:^;;^ as represented in 

the figure by a, with 
a loose metallic cap, 
to which is attached 
on the under side a 
glass vessel with a 
small neck at top, 
and open at the 
bottom, as shown at 
h. In the interior 
of this vessel is suspended a copper tray, on which frag- 
ments of zinc or iron may be placed, c. To the top of this 
inner vessel is attached a stop-cock, c?, which is above 
the metallic plate, and to this is attached a flexible tube, 
e, which may pass under the shelf of the pneumatic 
trough/, to fill receivers with gas ; or it may be attached 
to gasometers, or gas bags, as circumstances require. 
This instrument is charged by mixing enough sulphuric 
acid and water, in the proportions of 1 of acid to 10 of 
water, to fill the outer vessel fths full. They must not 
be mingled in the vessel itself, unless with great care, 
lest by the heat the vessel be broken. If the water is 
put in first, and then the acid added very slowly, and at 
intervals, it may be done with safety. When the acid 
and water are put in, then place in the inner vessel so 
that the cap fits properly, and with the copper tray loaded 
with zinc or iron. If the stop-cock is closed, the liquid 
will not rise in the inner vessel, but rise higher in the 
outer one. By turning the stop-cock, so that the air in 
the inner vessel may escape, the dilute acid covering the 
zinc or iron generates hydrogen, as in the preceding pro- 
cess. By closing the stop-cock, the generated hydrogen 
not being able to escape, will force down the fluid till it 
fills the vessel, and the production of hydrogen ceases, 
as the zinc is enclosed in an atmosphere of hydrogen. 



(J 79.) How is hydrogen prepared for use? 
is the hydrogen generator ? . 



How explained ? What 
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(80.) Cautions. In experimenting with hydrogen great care musi 
be taken not to get it mingled with air, when it is to bo burned. It 
must be allowed to escape with the sir, till all the air is driven out of 
the vessel in which it is made. It must not be kept a long time in auj 
condition, especially, in bags, as by the laws of diffusion, it will pass 
out of the most perfect bag, and air will pass in. Many disastrous ex- 
plosions have occurred by not attending to these cautious. 

(§ 81.) Properties of hydrogen. Ilvdrogen is a per- 
maaent gas, and, if pure, inodorous, colorless and taste- 
less, scarcely soluble in water. It is the lightest sub- 
stance known. It is combustible, produces tlie greatest 
heat that can be produced by combustion. Its combus- 
tion in common air produces water. 

Combustibility of hydrogen. Its combustibility 
may be shown by attaching a tube to a gas gene- 
rator, and igniting the gas as it issues from the 
tube. It was called the philosopher's candle. 

Does not support combustion. It does not sup- 
port combustion. Take a wide-mouthed vial filled 
with hydrogen, and while inverted insert a lighted 
taper up into the gas, and the taper will be ex- 
tinguished, but the gas will be set on fire and burn with 
a very faint flame at the mouth of the vial. 

Produces water by combustion. It produces water by 
combustion. Hold a dry glass vessel over a jet of burn- 
ing hydrogen, and the vessel will become covered with 
dew, and if the burning be continued the water will run 
down in drops. 

Explodes with oxygen. Fill a gas pistol two-thirds full 
with hydrogen, and the balance with oxygen, and ignite it 
at the touch-hole, and a loud explosion will be occasioned. 
The sudden collapse of the gases into water, occupying 
only one-seventeen hundredth part of the volume of the 
gases, causes the report. Common air may be substituted 
for the oxygen, but then there must be twice as much air 
as hydrogen. In this experiment the cork of the pistol is 
driven out. If it is a collapse, why should not the cork 
be driven in ? The answer to this question usually is, 

({ 80.) What precautions must be taken ? 

(I 81.) What are the properties of hydrogen ? How its combustibiUty 
■hown ? Does it support combustion ? How shown t \I)i«X \& V\i^ ^^^ 
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that before the gases combine they must be heated to 
redness, and this occasions the expansion before the ex- 
plosion, and drives the cork out, or bj some that the 
steam produced does it before its collapse. The explo- 
sions so frequently heard during the eruptions of volca- 
noes, may often be occasioned by the explosions of 
hydrogen. All the conditions necessary to its production 
are present, and by mingling with air in the caverns of 
the earth it may be the cause of earthquakes, and add 
much to the fearful phenomena attendant on volcanoes. 
Musical sounds. If a glass tube be held over the 
flame of hydrogen, issuing from a jet, musical 
sounds are produced, and as the tube is raised and 
lowered the quality of the sound will be altered. 

Explanation. There are two modes of explain- 
ing the above phenomenon : one, that it is occasioned 
by the minute explosions at the orifice of the jet, 
causing vibrations in the tube ; the other, that the 
current of air, occasioned by the heat in the tube, 
in rushing in at the bottom, acts like the air, that 
makes a whistle-sound. We think the former much 
the most probable cause. 

Hydrogen the lightest body in nature. Blow soap- 
bubbles with common air, and they will fall to the 
floor. Blow them with hydrogen, and they will 
rise to the ceiling. By this the levity of hydrogen 
is beautifully proved. Advantage is taken of this 
fact in filling balloons. But on account of the per- 
meating power of hydrogen, it is displaced in many 
instances, for such purposes, by carburetted hydrogen. 
It is 16 times lighter than oxygen, and 14 times lighter 
than air. 

If the bubbles be blown by the mixture of 1 of oxy- 
gen and 2 of hydrogen, and after they have left the pipe, 
the flame of a candle be applied to them, a loud report 
is occasioned in the air. 

Effect ofplatina sponge. If a jet of hydrogen be pro- 
jected on a mass of platina sponge, the sponge soon 



duct of combuetion ? IIow proved ? When wUl it explode ? How are 
musical sounds produced? lIow explained? How U the liKhtnees of 
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becomes warm, and then hot, and finally glows and sets 
the hydrogen on fire. It is necessary that oxygen should 
be present in this experiment. 

On the fact above illustrated, an instrument for pro- * 
ducing instantaneous light is constructed. 
It consists of a vessel arranged for the 
production of hydrogen, like the gas 
generator above described, v»'itli a jet di- 
rected on a piece of platina sponge, sus- 
pended in a cap by platina wires. When 
the stop-cock is turned so as to allow the 
hydrogen to escape, it is projected on the 
sponge, which immediately becomes red- 
hot, and inflames the jet of hydrogen, by 
which a candle may be lighted. It is a ^^^^S^^f^^lrn^, 
very convenient instrument when light is preu down the handle 
wanted, in the same place. fer^SV to tS'pilJ 

Explanation, The cause of the heat in tina fponge in the 

,^ =t • • X • xi J cap d, and the hydro- 

the above case originates in the condensa- gen \b inflamed, 
tion of the hydrogen, by the simple porosity of the 
platina sponge. It is attributed to a powerful attraction 
between the gas and platina, and the spongy form in- 
creased the ])latina surface in a given volume. 

EfiTect on animals. Hydrogen may be breathed with 
impunity, if mingled with oxygen. The only effect it 
seems to have is to increase the shrillness of the voice. 
Eozier breathed it, and fired it, as it issued from his 
mouth, when an explosion occurred that seemed as though 
all his teeth v/ere blown out. 

(§ 82.) Compound blow-pipe. The highest tempe- 
rature, that can be produced by combustion, is attained 
by burning oxygen and hydrogen. The instrument 
adapted to this purpose is called the compound bhw-pipe. 
If consists of two vessels contaii^ing the gases, which, by 
pipes, are made to issue by a common jet. The supply 
of hydrogen should be twice as great as that of oxygen. 
The jet is now constructed so that the jet of hydrogen 

hydrogen shown ? Effect of a jet of hydrogen on platinum sponge ? 
Explanation ? What effect of hydrogen on animal life ? 
({ 82.) By what is the highest heat obtained ? What is the com^ouiid 
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shall form a cylinder round tlie stream of oxygen, so 
that the hydrogen is burned by a supply of oxygen in 
its interior. 
The best compound blow-pipe, that can be obtained, is the one repre- 
sented in the annexed figure. It has 
many advantages over any other now 
in use ; among which, are the import- 
ant ones of needing but little water, 
and the amount of pressure, which the 
operator often desires to vary, is en- 
tirely at his command. 

It consists of two cylinders, open at 
the top, marked oxygen and hydrogen, 
with two movable cylinders, open at 
bottom, A and B, which loosely fit into 
them. Within these are two stationary 
cylinders, entirely closed, and loosely 
fitting into the movable ones. The mov- 
able cylinders can pass down between 
the outer and inner cylinders. This 
space between the cylinders is filled 
by a few gallons of water, which is all 
that is required. From the top of the 
inner cylinders, opening outwardly by 
a jet, there is a tube passing down its 
axis to its base, and then horizontally 
to the circumference of the outer cylin- 
der c, and then up on the outside of it 
to ncfir its top, where it terminates in a stop-cock. Now supposing the 
cylinders all in place, and the stop-cock open, and the interval filled 
with water, and we wish to charge the gasometer, we attach the flexible 
tube from a gas-bag or generator to the stop-cock ; the gas forced into 
it issues from the tube at the top of the inner cylinder, and forces the 
movable cylinder up, which is balanced by weights, it holding the gas 
as an inverted bell glass. When the gas is to be used, the tube is 
attached to the stop-cock, and conducted to the jet ; the gas being 
forced out by weights placed on the movable cylinder. 

Effects of the compound hhw-pipe. The most refractory 
metals are fused by the compound blow-pipe. Platina 
melts readily. Iron wire burns with great brilliancy. A 
piece of lime, or chalk, or pipe-stem gives a most intense 
light, which is the Drummond light, 

(g 83.) Besides the process of obtaining hydrogen given in g 78, it 
may be produced by passing steam over red-hot iron. This was the 
experiment devised by Lavoisier, to prove ihe constitution of water. 

blow-pipe ? What effects are produced ? What is the Drummond 
I'ght? 

(f 83.) ^Vhat other process of obtaining hydrogen? What is always 
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By placing clean iron filings or coils of iron wire, in a gun-barrel, and 
arranging it across a furnace, so that the portion containing the iron 
may be highly heated, while the two ends are free ; and attaching a 
retort containing water to one end, and the other end connected to a 
gasometer ; and when the apparatus is thus arranged, and the barrel 
heated, the water is made to boil, and the steam passes over the heated 
iron, the oxygen is taken by the iron, and the hydrogen passes on to 
the gasometer. 

Whenever we obtain hydrogen by any process, it is by the decompo- 
sition of water. 

Potassium and sodium will decompose water rapidly, at ordinary 
temperatures. aThe chemical change is the same that takes place in 
the heated gun-barrel ; the only difference is that iron will only do it 
at a high heat, while they will do it at a low temperature. 

(2 84.) Diffusion of hydrogen. Hydrogen cannot be confined 
under pressure by any joints that can be made. Faraday found that 
the best fitting stop-cocks would allow hydrogen to pass freely under a 
pressure of 28 atmospheres. From this circumstance, and its uniting 
with other elements with a less relative weight than any other, and its 
being the lightest body known, it is inferred that its atoms are smaller 
than those of any other substance, which also supports the idea of the 
elements being definite atoms. 

(§ 85.) Nature of hydrogen. In many of the chemical character- 
istics of hydrogen we find 
a marked resemblance to 
metals. If a tube has a 
platina wire traversing it, 
connected with the poles 

of a battery, of sufficient j, ^^ 

power to heat it to redness, -^ 

when the tube is filled with f J5® t"5®** *. -^ i» ♦!.« i,.^»w*^ #u««. . m»^».i^ 
xu •!?•*• £11 J '^L 6 The tube to force in the hydrogen from a gaaomeUr. 
air ; tnca if it is filled with c A tnbe for the air to pans out. 
hydrogen the redness will p,j) The poles. 
disappear. The vapor of «» The platina wire. 

mercury has the same effect. Mercury is a liquid metal, so hydrogen 
may be a gaseous one. 

(I 86.) Uses of hydrogen. It is used in the laboratory for the pur- 
pose of taking the oxygen out of mixed gases ; also, in reducing the 
oxides or chlorides of the metals, by passing a stream of hydrogen over 
the oxide or chloride in a heated tube. Its uses in producing heat have 
already been noticed. 

the origin of the hydrogen we obtain ? What metals wUl decompose 
water at ordinary temperatures ? 

{I 84.) What is said of the diffusion of hydrogen? 

(I 85.) What is said of the nature of hydrogen? What illustration 
given ? 

(J 86.) What are some of the uses of hydrogen ? 
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COMPOUNDS OF HYDBOGEN. 

Oxygen and Kydrogen, 

(§ 87.) There are two compounds of oxygen and hydro- 
gen — the protoxide and binoxide or peroxide. 

WATER. 

Protoxide of Sydrogen, 

Sym. HO. Eq. 1 + 8 = 9. Sp. gr. 1. 
1 vol. + 2 vols. H. = 2 vols, steam. 

(§ 88.) Constitution of water. The constitution of 
water was not clearly demonstrated till 1783. In 1776 
Macquere and La Fond, in Paris, observed drops of water 
on a saucer exposed to the flame of hydrogen. The 
origin of the water they did not understand. In 1781, 
Priestly fired the gases, and observed moisture on the 
iniide of the vessel in which the gases were fired, but 
supposed it accidental. In 1783 Cavendish burned hydro- 
gen, and proved that water was the product. In the 
same year Lavoisier analyzed it. It consists of one 
volume of oxygen and two volumes of hydrogen. By 
weight it is 1 of hydrogen and 8 of oxygen ; that is, two 
volumes of hydrogen weigh but one-eighth of one of 
oxygen, therefore oxygen is 16 times heavier than the 
same volume of hydrogen. 

(§ 89.) Properties of water. Pure water is colorless, 
in small quantities; but when water is seen in large 
quantities, as in the ocean, or deep rivers, it is green or 
blue. The sheet of water at Niagara is a beautiful green; 
the deep ocean is blue. The real color of water is pro- 
bably blue. The green is likely due to the yellow of the 
bottom, or the mingling of colors seen through it. 

It is tasteless and inodorous. A wise provision of the 

rj 87. J How many compounds of oxygen and hydrcgen? 
II 88.) When was the constitution of water determined ? What is it# 
constitution ? 
(2 89.) What are the properties of water? What takef plftoe whet 
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Creator that this element, essential to all living beings, 
should possess no decided properties of taste or smell, 
that it should be offensive to none, and never cloy upon 
the appetite of any. 

Water is susceptible of assuming four states, or con- 
ditions : solid, as in ice ; liquid^ as in water ; (jascous, as 
in steam; vesicular , as in clouds and fogs. All these 
conditions depend on heat. 

There are some interesting and important circum- 
stances connected with each of these forms of the pro- 
toxide of hydrogen. 

Ice. Water crystallizes in passing to a solid state, but 
the crystallization is generally confused, and the crystals 
are undistinguishable in common ice. In frost and snow, 
however, they are easily observed, consisting of prisms, 
arranged frequently in the form of a star, assuming, how- 
ever, a variety of forms. With foreign bodies, floating 
in water about to freeze, we are enabled readily to ob- 
tain very perfect crystals, by pouring off the water, after 
the crystallization of the water has well commenced. Ice 
is much lighter than water, its specific gravity being 
0.9184. It requires 140° of heat to melt ice. If a mass 
of ice be exposed to a temperature above its melting 
point, it commences to melt, and the temperature rises to 
32°. After it commences melting the temperature re- 
mains unchanged till the last particle is molted ; then the 
temperature will rise to the temperature in which it is 
placed. This temperature of the melting of ice is used, 
as a fixed point, in the graduating of thermometers, for 
it is the same under all circumstances. It is put 32° on 
Fahrenheit's thermometer, but zero (0°) on all others. 
This loss of heat, required in converting ice into water, 
is called the heat of liquefaction^ or heat oi fluidity , and 
is required in melting all bodies, but in different quanti- 
ties. The quantity required to melt ice is 140°, as is 
easily proved. 

Meat of fluidity. Take one ounce of ice- water and one 

water becomes solid ? Where is the crystalline form best seen ? How 
much heat becomes latent in melting ice ? Is the melting point always 
the same ? For what is this point used ? What la it ou ¥ft.V^xftuVv^\\.' ^ ^t-aNaX 
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ounce of ice, eacli at 32°, in separate vessels, and expose 
them together, in water of 200°, or thereabouts, with a 
thermometer in each. The same amount of heat will, 
evidently, go into each, since both were exposed to the 
same temperature ; but when the ice is melted, its ther- 
mometer will not have risen at all, while the one in the 
water, tliat was at 32°, will stand at 172°, which shows 
that 14:0°, viz., 172° — 32° = 140°, went into the ice, 
without affecting its temperature at all. This require- 
ment of heat to melt bodies, prevents large masses from 
becoming fluid at once. Were it otherwise, when a moun- 
tain, covered with snow, should have the temperature 
raised to 32°, the whole mass of ice and snow would be- 
come instantly water, and the floods produced would 
devastate the valleys and low countries. As it is now 
arranged, the melting of one particle of it prevents its 
neighbor from melting by abstracting its heat. Hence 
melting is a cooling process. 

Specific gravity of ice. There is another circumstance, 
connected with the formation of ice, that is of the highest 
interest. The specific gravity is less than that of water, 
and of course it floats on its surface. When we take 
water at any temperature above 40°, it contracts on cool- 
ing, until it comes down to 39.5°, when, if cooled further, 
it expands. From 39.5° it expands, whether you cool 
it or heat it. There is no similar phenomenon in nature. 

There are metals that expand at the moment of con- 
gelation, but not before. But in the case of water, it 
expands 7.5° before it becomes ice, and at the moment 
of becoming ice it expands much more. Cold expands 
water from 39.5° to 32°, the freezing point, and is an 
exception to the universal law, that heat expands all 
bodies. This arrangement seems necessary. Had it not 
been so, water would have frozen throughout the mass, 
and consequences fatal to animal life, in water, would 
have followed, and it would have obstructed the flow of 
water, and the land would have been submerged, even 

How is the effect of melting ice illustrated? What advantage from it? 
What is the specific gravity of ice ? What advantages from this ? When 
is water of the greates density ? What evils would have resulted had 
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supposing the water to have expanded at the instant of 
congelation. We see partial effects of this kind follow 
the formation of anchor ice, which often occasions much 
difficulty in the flow of water. Had tlie water been like 
gold, and silver, and lead, contracting even in congela- 
tion, one winter would render the earth uninhabitable. 
The lakes would be filled with solid ice, and the channels 
of rivers would be filled up, and the summer could not 
thaw the masses that would be produced. Now, the ice 
that forms, protects the subjacent water ; iheny the sink- 
ing of the new-formed ice would expose a new surface, 
ready to freeze, and the process would be a hundred-fold 
increased. It seems as though the Creator, seeing these 
evils, exerts his power to suspend a universal law, or, 
in other words. He works a miracle every time water 
freezes. 

The /orce with which water expands in becoming ice 
is very great. It bursts the strongest vessels, breaks up 
rocks, and rends any materials by which it may be con- 
fined. Cannon have been burst, and the strongest bomb- 
shells, as readily as a tumbler or pitcher. 

^The impurities of water are mostly separated in freez- 
ing. Hence, ice from salt water is always fresh ; vinegar 
and spirits maybe made stronger by freezing; the water 
freezing, the liquors, if then drawn off, are more 
concentrated. 

Freezing occasions no chemical changes. Potatoes, 
green vegetables, and fruits seem to be changed by frost, 
but it is the breaking up of the cells, and exposing to 
the action of the air articles that were stored up in close 
cells. 

Water. Solvent power of water. Water approaches 
the nearest to an universal solvent of any other fluid. 
It has more relations than any other body, and assumes 
more characters. It sometimes acts as an acid, and as 
often acts as a base, and it will take the places of either 
of these classes of bodies in numerous compounds. It 

water contracteo when it froze ? With what force does water expand ? 
What effect does freezing have on impurities in water ? What is said 
of chemical changes? What of the solvent power of wat^xt "^Vj^^q. 
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is neutral in-many cases, having no affinity with a rids of 
bases. Water holds in solution a great many solids, and 
as a general rule the hotter the water the more of the 
solid is dissolved, and by cooling and evaporating many 
of the solids take a crystalline form. Water also holds 
gases in solution, but in the reverse manner from the 
preceding — the colder the water generally the more gas 
it will dissolve, and often yields up the gas by heat. 

(§ 90.) Relations of water to other bodies. Water 
often aids bodies in assuming a crystalline form, and 
without its assistance many of the most beautiful of these 
formations would be wanting. 

Water enters into the composition of all animals and 
vegetables, and is absolutely essential to the manifestation 
of vitality. It forms three-fourths of living beings. 

(2 91.) Water that comes from the earth contains a greater or less 
quantity of the t luble materials it meets with in the earth. The most 
common impurities of well and spring water arc — 

Carbonate of lime, 

Sulphate of lime, 

Chloride of sodium, 

Chloride of magnesium, 

Sulphate of soda, 

Organic matters, in greater or less quantity, 

Alkaline silicates. 
The salts of lime are the most injurious in ordinary waters, making 
them what are called hard waters ; that is, they form insoluble lime 
soap, which prevents the cleansing properties of the soap. This may 
be remedied by a little sal soda — carbonate of soda. If it is the car- 
bonate of lime alone, boiling will remove the lime, as it is held by an 
excess of carbonic acid, which is driven off by heat, and the lime is 
deposited. This carbonate of lime forms the coating of the interior of 
tea-kettles often. 

(§ 92.) Mineral springs. When spring- water contains 
so much mineral matter as to give it a decided taste, 
it is called a mineral water. These springs are divided 

does it ordinarily dissolve the most of a solid ? When the most of a 
gas? 

(J 90.) How does water often aid bodies? Into what does water 
enter ? 

(§ 91.) What does water that comes from the earth contain? What 
are some of the most common materials ? Which are the most ir jurious T 
How may this be in some degree remedied ? 

(2 92.) What are mineral springs? Into how many classes iivided! 
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generally into tbree classes: Saline springs, cha]yb€at€ 
springs, and sulphur springs. 

The saline springs contain all the salts but iron. 

The chalybeate springs contain iron. 

The sulphur springs contain sulphur, partly in the form 
of sulphuretted hydrogen, and partly in combination with 
some of the metals. 

These names indicate the predominating substance 
rather than the absolute nature of the waters, as saline 
springs may contain iron, and chalybeate springs may 
contain salts, as also may sulphur springs. 

(§ 93.) Running -water. Waters that run upon the 
surface of the earth are less fitted for drinking-waters 
than well or spring water, as they contain a larger amount 
of organic matter. This water will undergo a spontane- 
ous putrefaction by standing, and the organic matters 
converted into gases pass off) or become insoluble and 
settle to the bottom. 

(§ 94.) Sea or ocean -waters differ very greatly in the 
relative quantity of the salts they contain. Those where 
the supply of fresh water by rivers is great, and the 
evaporation feeble, from the latitude, the amount of salts 
is small, as in the Black Sea and Baltic, in which the 
amount of salts is less than 3 per cent. In the ocean the 
amount is about 3 J per cent. ; in the Mediterranean it is 
more than 4 per cent. The waters of the Dead Sea con- 
tain from 12 to 15 per cent, of saline matter, while those 
of Salt Lake, in Utah, more than 25 per cent. The salt- 
ness of these lakes limits the evaporation, while the 
ingress of water is insufficient to keep them up to the 
ocean standard, yet the excessive saltncss keeps them 
from drying up. 

(§ 95.) Vapor of -water. Water is constantly rising 
in vapor, at all temperatures. Ice is volatile, and passes 
into vapor at the lowest temperatures. Hence, the air 

What do saline springs contain ? What chalybeate ? What sulphur ? 



SJ 1)3.) What is said of running waters? 
r - 



(I 94.)What is said of different sea waters? What contains the 
least? what per cent, in ocean waters? What in the Dead Sea, and 
Salt Lake ? Why are they so salt ? 

2 95.) What is going on at all temperatureal Dota Vk^ «ia ^^V3% 
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always contains water, which may readily le shown by 
exposing concentrated sulphuric acid, or chloride of cal- 
cium, on the scale of a balance, for a few hours, and 
that scale will preponderate from the absorption of water. 

The rapidity of evaporation is increased by extent of 
surface J by exposure, by dryness of the air, and by temperature. 
It is evident, that a handkerchief will dry much quicker 
if spread out in the open air than it will if rolled up into 
a compact mass. It is equally evident, that water will 
evaporate from a plate or saucer much sooner than from 
a long-necked bottle. The evaporation will take place 
much more rapidly in the open air than in the house. 

It is well known, also, that articles will dry in a clear 
day much more rapidly than in a damp cloudy one. In 
the former case the air seeks moisture, in the latter it 
has nearly as much as it can hold. 

Temperature has much to do with the rapidity of 
evaporation, nence, we heat fluids to accelerate their 
evaporation. Distillation is an example. 

(§ Q6.) Latent heat of vapor. Heat is absorbed, or 
bocorncH latent when water becomes vapor. This is 
aljimdiiTitly proved by a variety of circumstances. Wet 
tlio bulb of a thermometer, covered with muslin, and 
expose it to tlic air, the mercury sinks. Sometimes, in 
W(it, riimy weatlier, it will not sink more than 1°, at 
otJi(tr i'wur.H it will sink 20°. The point to which it sinks 
is ('/illt'-d tli(^ (Icia point. 

I'll is (5 X plains the fact that we are cold when wet, 
whtiii, if ill the sanic circumstances we were dry, we 
nhould not ((u;l cold. It is not because the water is colder 
tluui the air, l)ut from the rapid evaporation occasioned 
by th(^ gr(^at surface exposed, and the elevation of tem- 
perature from our bodies. 

On this account we sponge persons, hot with fever, 
that the (Evaporation of the fluid may reduce the tempe- 
raturt^ So, wlien perspiration takes place the fever sub- 
Hit las, iVoni the cold produced by the evaporation of the 



ounttiiu wtttor? How proved ? How is the rapidity of evaporation in- 
uraiitit^d T 

(I im ) Wlml li» the dew point? Why are we cold when wet? Why 
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fluid. Insensible evaporation is taking place from our 
bodies at all times, which gives us a healthy, agreeable 
temperature. The amount of this insensible evaporation 
from the surface of our bodies is much greater than is 
generally supposed. While the vapor from the lungs and 
skin amounts to 3Jlbs in 2-i hours, 2 Jibs, of this is lV<.»rn 
the skin, or twice as much as from the lungs. Tlie im- 
portance of this operation is shown by the care Katuro 
has taken to accomplish it. There are no less thfin 
7,000,000 of tubes constructed through the skin to carry 
on this elimination of worn-out materials, and to keep 
"up this important operation of cuticular evaporation. It 
is evident that the hygrometric state of the air must have 
much to do with this operation. If the air is dry it goes 
on rapidly, if moist, slowly. When this is checked by 
a damp atmosphere we suffer, and are uneasy. 

This may explain, in a great degree, why damp rooms 
and damp locations, for sleeping especially, are so inju- 
rious. The atmosphere, being loaded with vapor, pre- 
vents insensible perspiration ; and materials, that should 
be thus got rid of, are returned into the system to em- 
barrass and injure its proper functions. 

(§ 97.) Boiling -water. When boiling water is con- 
verted into steam, it takes 1000° of heat to do it. The 
fact may be thus expressed : while 1 ounce of water is 
converted into steam, 1000 ounces of water would be 
raised one degree. When steam is condensed, the same 
amount of heat is set free. Hence, steam is used in 
heating buildings by condensing it in long tubes passing 
through the apartments. Also in heating liquids by pass- 
ing steam through pipes, that traverse the liquids. One 
pound of water converted into steam, and this steam con- 
densed in other water, will heat 5 J pounds of ice-cold 
water to the boiling temperature. Water cannot be 
heated to a higher temperature than 212°, under ordi- 
nary atmospheric pressure. If the pressure be increased, 

sponge persons in fever? What amount of vapor from our lungs and 
bodies ? How much is insensible ? What effect has damp air ? How 
does it act ? 

(J 97.) What is effected by converting water into ateamt Wo^ '-O^m^- 
trated? How much beat in a pound of steam ^ llo-vr \\S^\v c^t^Vj e«L> 
water be heated in opt^n a/r ' How affected hy cVvftWow"*. NN\\^V \«. W^ 
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the boiling point will be raised. Hence, the water in thft 
steam-boiler is hotter than boiling watel* exposed to the 
open air. Since the atmospheric pres- 
sure is less at elevations above the level 
of the sea, it follows that the tempe- 
rature of boiling water is less on the 
tops of mountains than in the valleys, 
and higher in deep mines. 

The tension or elastic force of steam at 212® 
is equivalent to one atmosphere, or 151bs. on the 
square inch, or to a column of mercury, 30 inches 
high ; at 250° to two atmospheres, or 801bs. on the 
square inch ; at 275° to three atmospheres, or 451b8. 
on the square inch. 

Marcet's apparatus is weU adapted for illustrating 
this fact. It consists of a strong iron or copper 
globe a, with a glass tube, 80 or more inches long, b, 
running to the bottom of the globe ; and on one side 
is attached a thermometer c, passing into the cayity 
of the globe, to determine Uie temperature of its 
contents, d, is a stop-cock by which the steam may 
be let off. To use it a smaU quantity of mercury is 
first put into the globe, enough to fill the tube and 
have it above the lower end of the tube ; water is 
then put in and heat applied. If the stop-cock is 
left open, the thermometer will indicate 212°, when the water boils, and 
the temperature will rise no higher. If the stop-cock is closed the 
temperature rises, and the mercury is forced 
up the tube, and when the mercury is forced 
up 80 inches the thermometer will stand at 
250° 

If ike pressure of the atmosphere is removed 
the boilinff point sinks. This may be shown 
by placing some warm water under a receiver 
of an air-pump, and exliausting the air ; the 
water will boil as the exhaustion proceeds. 
This may also be illustrated by what is called 

f the culinary paradox. This consists in boiling 

" """^^jc? some water in a flask and corking it while 

Kf^Jir boiling, and remove it from the source of 
heat, and when it stops boiling apply cold 
water to the flask, and it boils violently. The 
cold water condenses the steam, and thereby 
removes the pressure, and it boils for the 
same reason that it did under the exhausted 
receiver. 

The boiling point of any liquid may readily 
V-/ be determined by using a test-tube, with a 




tension of vapor at 212° ? at 260° ? What is Marcel's apparatus ? How 
explained ? What effect has the removing the pressure ? How proved ? 
Wba/ is the ouUntiry paradox ? 
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thermoTneter passed through a cork, and a tube bent at right angles to 
carry off the vapor, as represented in the figure. The bulb shoiUd not 
pass into the liquid, as the temperature of the steam is a better test of 
the boiling point, thjin the liquid itself, as impurities in the liquid may 
raise or lower the boiling point, but the steam is always the same. 

(§ 98.) Expansion of -water in becoming steam. One 

cubic incli of water, in the open air, makes 1700 cubic 
incbes of steam. Gunpowder does not expand more than 
that. If it did not require the 1000° of heat to convert 
water into steam, it would be as dangerous to heat a tea- 
kettle of water to 212° as it is to raise the same quantity 
of gunpowder to red heat. In other words, water would be 
more dangerous than gunpowder. Now, when one atom 
of water is converted into steam, it takes the heat from 
the neighboring particles, and prevents their conversion 
into steam at the same instant. 

When water is converted into steam it carries none of 
its impurities with it. If the impurities are volatile they 
will rise of themselves. 

(§ 99.) Amount of 'water in the air. The amount of 
water in the air is very great. All the rivers on the globe 
are but a portion of the water that circulates in the air, 
and this is all carried into the air by evaporation. IIow 
much reason do we jSnd in this fact to unite with the 
Psalmist in his ascriptions of praise to God, because he 
" causes the vapors to rise from the ends of the earth." 
That is, he causes the waters to rise into the atmosphere, 
that we may have rains, and dews, and springs, and rivers, 
and clouds. Thus we see how much our comfort and 
interest are bound up in this great but silent operation of 
nature. And in enumerating the wonderful things that 
God does, Elihu includes the fact that '* He maketh small 
the drops of water." 

Heat holds the water in the air, and if the heat be 

abstracted the water falls. This is illustrated by a 

, pitcher or tumbler of cold water in a hot summer's day. 

(§98.) How much does water expand in becoming steam? How 
compared with gunpowder ? Why cannot all the water be converted 
into steam at once ? 

(§99.) What is said of the amount of water in the air? How is it 
carried into the air? What holds the water in the aVt^ N^V^X. '^Xift- 
nomenon is explained f 
4 
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(i 100.) I» wiitw ever pure? 



I 



The beat holds a large quantity of vapor In the air, tha 
culd pitcher abstracts the heat from the air in contact 
with it, and the water is left upon the pitcher, co%^eriog M 
it with drops. So the mingling of hot and cold masses ■ 
of air prodace3 condensation of the vapor, forming clouds 
and rain, 

(§ 100.) Water is nevef found pure in nature. If 
it falls from the clouds it may contain many volatile 
raaterialSj and always does contain carbonic acid and 
air. It always, probably, contains the spores of vege- 
tables, which will always appear in it by long standing. 

Water enters into the most common articles of our 
food, as a constituent part, as in sugar^ starch, gum, &g. 

Water covers three-fourths of the surface of the globe, 
yet the amount does not seem to be too great, as much 
of the surface of the earth is desert for the want of 
water. 

All the soluble portions of the soil are carried by the 
streams into the ocean, which is literally the reservoir 
of all the ''offscoaring'' of the earth. Still the ocean 
does Bot become pestilential, from the adjustment of 
animals and plants to use all the materials it contains. 

(§ 101.) Diffusion of liquids. When two liquids ate 
brought in contact they immediately commence commin* 
gling, and ordinarily this goes on until a homogeneous _ 
fluid is produced, consisting of the two or more fluids ■ 
perfectly mingled, no matter what their proportions. 
In some cases, however, this commingliDg is limited to 
a small quantity of one or more |)f the liquids, as ether 
in water ; the ether only uniting to about oue^enth of 
the volume of water ; so of the volatile oils in water. M 

This may be illustrated by placing some water colored ■ 
blue by litmus in a test-tube, then by carefully letting 
some sulphuric acid to the bottom of the tube by a 
pip^te — the pipette going completely to the bottom* 
This diftusiou not only takes place when the liquids are 
brought in direct contact, but if a membrane intervenes 



I 
I 

I 



(I lOLJ Whftt is «aid of diiiision of UquidaT 



How maj it be iUus* 
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the commingling is not arrested, but will take pliice 
through the membrane. 

(§ 102.) Osmose. The passage of a liquid through a 
membrane is called osmose. Dutrochet, the first to charac- 
terize this phenomenon, called the passage of a liquid 
from without to within endosmosej and from within out- 
wardly exosmose. It is the same phenomenon in both 
cases, and does not demand a separate name. 

This action may be illustrated by an instrument called 
an osmometer. It consists of a vessel a, 
to contain any liquid, and a tube b, 
with a broad open end filled with some 
liquid, and which is covered by a mem- 
brane. This broad end is to be im-' 
mersed in the fluid in the outer vessel. 
Let the large part of the tube be filled 
with a strong solution of common salt, 
and the outer vessel filled with water ; 
the water will pass into the solution of 
the salt and the salt will pass out, but the water will pass 
in much more rapidly than the salt passes out, and the 
fluid will rise in the tube. This action will take place 
whenever one of the fluids will wet the membrane, and 
be dissolved readily, or will commingle with the other. 

The rates of transmission are always different, the 
lighter fluid usually passing the most rapidly, but not 
always; the transmission probably depending in a great 
degree on the affinity of the membrane for one of the 
liquids. 

This is a most important principle, and is the great 
means used by nature in introducing nourishment into 
the animal or vegetable system, and of eliminating mate- 
rials from the circulating fluids, 

(§ 103.) Binozide of hydrogen, peroxide of hydrogen, oxygenated irafer, 
are terms applied to the compound expressed by the following formula, 

no,. 

It is obtained by decomposing the peroxide of barium, by as much 
fluoliydric acid as will exactly saturate the base. 




(^ 102.) What is osmose? What distinction did Dutrochet make? 
How may it be illustrated ? What is said of the rates of transmission* 
How is this priuciple important? 

(5 103.') What h the hinoxide of hydrogen ? Ho^ pTe\>tvx^^^ 
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It wna discovered in 1818, by Th^nard, It possessea tbe following 
properties: a colorless liquid, syrupy ^ ono and a half timea heaTiec 
than wftter, 

COMPOUND OF HYDEOGEN WITH CHLOBXNE. 

Hydrogen unites with each of tlie preceding elements, 
except oxygen^ forming acids. These are called hydraaids, 
as they are produced by the combination of hydrogen 
with chlorine, iodine, bromine, and fluorine, ■ 

Chlorohydeic Agid: Sym. HGl Muriatic AdcL Spirits 
of Sea Salt. Marine AcicL 
(§ 104.) Chlorine and hydrogen have a powerful 
affinity for eacli other, and readily unite, forming muri- 
atic acid. If these gases are mingled volume to volume, 
and but slightly heated they unite, and if exposed to day- 
light, they combine gradually; but if to the direct rays 
of the sun, explosively. 

Discovery, This acid has been long known, but was 
first obtained from common salt, by Glauber, of Amster- 
dam, in 166S, And as a gaa was pointed out by Priestly, 
in 1772. 

Properties, Muriatic acid is a gas at ordinary tempe- 
ratures and pressure of the air. It is colorless, pungent, 
suffocating odor, very corrosive, acting powerfully on the 
skin, if moist. Has a powerful affinity for water, taking 
it from the air, and ibrming a white cloud. Common 
liquid muriatic acid is water holding the gas in solution. 
Water absorbs 480 times its volume. If a vessel filled 
with niuriatic acid gas bo inverted over water, with its 
orifif^ beneath the water, and bo unstopped, the water 
will rush into the vessel almost as into a vacuum. 

Mariatic acid is always changing, the muriatic acid 
always escaping when exposed to the air. C1H + 6H 
is the formula for good muriatic acid, with a specific 
gravity of 1.17, Bv continued exposure, it becomes 
CMI + 12H0, with a^ density of I.IS. 

Wli3Ti and by wliom discovered? What propertiea has it ? 

[J ^04.) Wliat is tlie compound ^f bydrogen and clUorine ? Wbcn 
discovered? What nre the propertim of IICI? What ia tho fomula 
fm good ft(3id if 
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(§ 105.) Preparation of muriatic acid. This acid is 
prepared by the action of sulphuric acid on common salt, 
and passed through Wolfe's apparatus containing water. 
The formula expressing the reaction is NaCl + SO3 IIO 
= NaOS03 + ClH. 

Chlorohydric acid does not act on the non-metallic 
elements. On the metals the action is similar to that of 
water, the metal taking the chlorine and liberating the 
hydrogen. 

Muriatic acid is one of the most useful acids. It is 
employed in the arts, in medicine, and extensively in the 
laboratory, as we shall hereafter see. 

Iodine and bromine form hydracids, but they are of 
no practical interest. 

Fluohydric Acid. FIH. 

(§ 106.) This compound is prepared on the same prin- 
ciples as muriatic acid. The fluoride of calcium is used 
instead of chloride of sodium, and sulphuric acid applied 
to it. 

It is a colorless gas, with powerful affinity for water, 
pungent odor, acting upon the skin, if moist, producing 
bad sores. It is easily condensed by cold into a liquid. 

Etching on glass. A most important property is, that 
it dissolves glass. On this account it is used for etching, 
which consists in covering a piece of glass with a coating 
of wax or varnish, and with a sharp metallic point re- 
moving the wax, and exposing it to the gas or liquid, 
and in a few moments the g-lass is dissolved, and by 
removing the wax we have the design eaten into the 
glass. Of course glass vessels must not be used in these 
experiments with hydrofluoric acid. 
It is retained in lead bottles, and a tin 



or- lead cup must be used to prepare it in, as exhibited 
in the figure. 

(J 106.) How is HCl prepared? How iUustrated? What effect 01 
the metals ? 

(I 106.) How is fluohydric acid prepared? "What are its properties • 
How is gla«s etched T What vessels must be used ? 
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CARBON. 

Syni. C. Eq, 6. 

(I 107,) Different forms of carbon. Carton exists 
[n a great variety of Ibrms, approacliing mora or less 
Bear a state of purity. The diamond is pure carton. 
Charcoal from softj yonng wood is also nearly pure car- 
boo, Plumtago or black-lead is another form of nearly 
or quite pure carbon. Anthracite contains bnt a small 
quantity of impurities. Lamp-blacky bituminous coal, 
and tlic results of heating organic products to a red- heat 
in close yessels, are other forms of carbon. 

These articles agree in being infusible at the highest 
rnace-hcatj not dissolved by any fluids burning at a 
d-heat in oxygen gas^ and passing off into an invisible 
acid gas. These are the characteristics of carbon. They 
vary greatly in their physical properties — in hardnesSi 
density, conductibility of beat, and electricity. 

(§ iOS.) Properties of the diamond. The dmmond 
is the hardest body known^ and derives its name from 
damao, I conquer. Its density is 3.5. It is found in 
alluvial districts, the sand being washed, as in obtaining 
gokb The natural diamond is usually covered with an 
opaque crust. They are ordinarily colorlesSt but are 
found yellow, blue/ rose-coloTj and green. They are 
usually found crystallised in octahedrons, or some modi- 
fication of this fif^ure. 

It refi'ucts light the most pow^fuHj of any body according to its 
denifiiy, and lience Nowton predicted i(3 catnbuatibility. It wfti first 
burned by the Florentine AcadcmielftTis, in 1004^ by a large lens. Its 
natiiis htia been rnost actjuratcly determined by numerous observers* 
By burning It in pure oxygen gfis, the result ia pure ciirbonie acid. It 
la a rcculiar form of crv^iallized <;arljon. Many altempls baro boea 
made to produce It artificially, but aa yet in rain. 

Intense heat is said to convert the diamond into a sub- 



(J 107. ) How docs carbon exist ! What forms are mentioned ? In 
■what rcapcct do they agree ? How do they differ ? 

{I 108) What are the properties of diamond? "When is it formed 7 
What colors? How crjftallis^ed ? What effect on light! When and 
hj whom waa it flrst bu iicd ? Wliat is the result of Us comhuBtion ? 
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stance resembling coke, and, by the agency of a most 
powerful battery, into graphite. All carbonaceous mat- 
ters may be transformed into the state of graphite. There 
are many circumstances, that give plausibility to the idea, 
that the diamond is a product of heat and pressure on 
organic substances. 

The diamond scratches all bodies, and is scratched by 
none ; and the only mode of attacking it is by its own 
powder. Faulty diamonds are reduced to powder in steel 
mortars, and the powder used in grinding down diamonds 
into proper shape, and giving them a polish. 

The unit of weight of the diamond is a carat, equal to 4 grs. The 
price varies as the square of the weight. If a diamond of one carat is 
worth $50, one of two carats is worth $200. This rule extends only 
to diamonds weighing 100 carats, above that the price is matter of 
speculation. 

The Regent of Orleans Diamond 137 carats, 6,000,000 francs. 

The Koh-i-noor . . 279 " 

The Star of the South . 254 " 

The Great Mogul . . 279 ** not certainly a diamond. 

Diamonds are cut in two forms — ^the rose and brilliant. The under 
surface in the rose is flat. The upper surface is dome-shaped, formed 
by 24 triangular facets. The summit is formed of 6 triangles uniting 
at a point, the apex of the dome, and 6 other triangles applied base to 
base, to those whose apices are in the circumference of the base. Be- 
tween these triangles are 6 spaces, each of which is divided into two 
faces, which make up the 24. 

The brilliant is nearly in form of the primitive crystal, and is appa- 
rently much smaller than the rose in proportion to its original weight. 

The brilliant is wrought by making the upper portion consist of 8 
triangular or lozenge-shaped facets, the lower portion is made to corres- 
pond to the upper. 

A workman has been employed two years in cutting a single diamond. 

The principal localities of diamonds are in the province of Golconda, 
in Hindoostan, and in Brazil, South America. Goloonda has furnished 
the largest diamonds that have ever been found. 

France possesses a diamond of 137 carats. It was purchased by the 
Duke of Orleans, regent in the minority of Louis XV., of an English- 
man by the name of Pitt. He paid $500,000. It weighed 410 carats 
before it was cut. It is a brilliant. 

The Koh-i-noor diamond, mountain of light, weighs 279 carats. Is 
possessed by the English. It is said to have weighed 900 carats before 
it was cut. It is a rose diamond. 

The Russian diamond, 193 carats, Catharine gave $400,000, and a 
pension of $20,000. 

The diamond has most important uses in the arts. It being the 
" — « — ____^__— __^__^_— . 

What effect has heat upon it T How only can it "be -wTOXx^^tl N^V'aX 'Bk 
the unit of weight ? 
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hardest body fits it especially for many purposes. 'The pivots on which 
the wheels in fine clocks and watches run are sometimes formed of 
diamonds. It is used in cutting glass. Imperfect diamonds are used 
for these purposes. For cutting window-glass the diamond is set in 
metal, with an edge so that the sides arc curved, consequently, when 
the edge enters, ihe sides are pressed, and the glass is split. 

(§ 109.) Graphite. Graphite is found in the earth, 
and is known by the name of black-lead or plumbago. 
It usually contains more or less iron, but in South Ame- 
rica it is found with no iron in it, or scarcely a trace. 
Borrowdale in England, Malaga in Spain, and Sterling, 
Mass., are the most noted localities of black-lead. 

It is often produced in blast-furnaces in minute crys- 
tals. When the iron runs from the furnace, saturated 
with carbon, as it cools, the surface becomes covered with 
crystals of graphite. 

It is used in making pencils, lubricating machinery, 
making crucibles, and protecting iron. 

Common lead-pencils are made from a composition of 
plumbago, sulphuret of antimony, and sulphur. The 
best pencils are made from the pure plumbago, first 
reduced to powder, and then pressed into blocks, which 
are sawed up into plates like panes of window-glass, and 
the edges inserted into grooves in wood, and cut oflF, and 
a piece glued over the groove filled with the black-lead; 
then the wood is made into a cylinder, and it becomes a 
pencil. 

A form of graphite has been made by submitting it to 
the action of SO3 and some oxidizing substance, as chlo- 
rate of potash, and then heating it. It forms a brilliant 
substance in a state of extreme division, and suited for 
many applications. 

(§ 110.) Anthracite. Anthracite is nearly pure car- 
bon ; and is no doubt bituminous coal deprived, by great 
heat, of its volatile matters. It is the same as coke, which 
is calcined bituminous coal, only formed under different 
circumstances. 

(J 109.) Where is graphite found ? What is it ? What are lead pen- 
cils ? Where is it often produced ? How has artificial graphite been 
produced ? 

(2 110.) What is anthracite? Is the same as what? How does ii 
burn ? 
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It bums only at a high red heat, and without flame, 
smoke, or odor. 

(§ 111.) Chaxooal. Charcoal is obtained by heating 
wood to redness in close vessels, or by smothered com- 
bustion. The products of this distillation of wood are 
very various, including carbonic oxide, carbonic acid, 
acetic acid, empyreumatic oil, creosote, &c. 

When it is obtained by smothered combustion, the 
wood is piled up in conical heaps, and covered with 
coarse litter, and then with earth, with the exception of 
some holes left round the base of the pile, and one at the 
top. The fire is set, as near as possible, in the centre of 
the mass, and when it has fairly commenced burning, 
the hole at the top is closed, and the combustion goes 
on, until all the wood is carbonized. A part of the 
wood, of course, is burned up in producing heat to char 
the remainder. 

When wood is distilled in close vessels, the vessels are 
either iron cylinders or brick cavities. A tube is in- 
serted into the top of either for conducting off the gases 
and vapors. 

A much greater amount of coal is obtained by these 
processes than by the coal-pits , as they are commonly 
called. A hundred pounds of wood in the former case 
will yield but 171bs. of coal, in the latter 281bs., and all 
the products are saved in the latter, and none in the 
former. Wet wood will not give as much coal as dry 
wood. 

Charcoal absorbs great quantities of some gases. A 
cubic inch of boxwood coal absorbs 
Of ammonia 90 in. 
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This explains the fact, that recently prepared charcoal 

(J 111.) How is charcoal obtained ? How formed by smothered com- 
bustion ? How in close vessels ? How much coal will lOOlbs. oC mQ<id, 
give ? What eflPect on gases ? What does it. absorb moa\.*t N^V^V. ^^^"«^ 
this explain ? When will charcoal powder inftame spxiiiiwifewv^'j *l 
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will (letroy the odor of putrefying substances. It ab- 
sorbs til" i(JL'ti«l .<j;a?cs. The gasca that produce the offen- 
sive 0(h»r.s tire such, as charcoal absorbs the greatest 
amount of. 

Towdcrod charcoal in masses will inflame spontane- 
ously. O'Jibs. of powdered fresh charcoal, turned down 
ill a eouieal heap, will become red-hot in the centre. 

(.^ 112.) Animal charcoal. Animal charcoal is pro- 
duc<Hl by calcining, in close vessels, animal substances, 
su'.h as boues and the refuse of slaughter-houses, that 
are suitable. 

Tiie most common, which in cnUcil lonc-hlack^ 18 produced by heating 
bones in metaUic vo::scls lighily closed. The volatile materials are drirea 
off, and a porous mass is left, consi»tin^ of the carbon and bone. 

This is extensively employed in the jiurification of sugar. The syrup 
is filtered through a bed of this bone-black reduced to coarse powder. 

Bone-black, as well as charcoal, absorbs gases as well as coloring 
matters. It purifies water, that has bad odor or taste. When it has 
performed its office, in sugar refineries, it is manufactured into a fer- 
tilizer, by sulphuric acid, forming the *' superphosphate of lime." 

Vinegar or wine or indigo solution is rendered colorless. Assafcetida, 
opium, gum resins, lose their odor by passing their solutions throngk 
animal charcoal. 

Dried blood, with 21 to 25 per cent, of carbonate of potash, is said 
to form the most powerful purifier. Long use destroys the propertyi 
which may be restored by heating. 

(§ 113.) Lampblack. Lampblack is the soot of tlie 

partial combustion of resinous substances. It is a blaok 

paint, and the most durable. The smoke is conducted 

into rooms hung with canvas, on which the soot settles, 

•which is shaken down and put up for market. 

Thoroughly-burned cliarcoal is a good conductor of 
electricity, and a very bad conductor of heat. 

Carbon is one of the most indestructible substances. 
Charred posts last much longer than those that are not 
charred. The ancients seem to have been acquainted 
with this fact, as charred timbers have been found in 
their structures. 



(2 112.) llow is animal charcoal produced? How prepared? 
what is it employed ? What is it used for afterwards ? What 
the most powerful purifier ? 

({113.) What is lampblack T How is it prepared ? 
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COMPOUNDS OF CARBON AND OXYGEN. 

(§ 114.) There are three compounds of carbon and 
oxygen — 

Carbonic oxide, CO, 
Oxalic acid, C2O3, 
Carbonic acid, CO2. 

Carbonic Oxide. Sym. CO. 

(§ 115.) This compound is produced in combustion 
when a limited supply of oxygen is afforded, or carbonic 
acid is decomposed. It is seen in the burning of coal or 
wood, when a bluish flame is observed to issue from the 
burning mass. The carbon is partly oxidized, if the 
supplj'- of air. is limited, in the mass, but when it comes 
in contact with the air is wholly so, forming carbonic 
acid, and giving the pale flame ; or it may form carbonic 
acid at the bottom of this burning mass, and in the inte- 
rior the CO2 may be decomposed, and issue from the 
surface as CO. 

Carbonic oxide may be prepared in this manner, for 
experiment, by passing CO2 over red-hot coal in a gun- 
barrel. 

(§ 116.) Preparation. It is readily prepared by heat- 
ing 10 parts of concentrated SO3 with 1 part of oxalic 
acid in crystals. This forms equal parts of CO and OO2. 
The carbonic acid may be removed by passing the gas 
through the milk of lime. The cause of this production 
is the fact, that oxalic acid, C2O3, cannot exist except in 
combination with water. The sulphuric acid takes away 
the water, and the> C2O3 resolves itself in an atom each 
of CO and CO2, which is its equivalent. 

Mr. Fowns has given the following process, which is 
the best yet discovered : 1 part of yellow prussiate of pot- 
ash and 3 of SO3, heated in a retort, yield readily an 
abundance of pure gas. 

(J 114.) How many compounds of oxygen and carbon? What aK« 
they? 

(i 116.^ When is c&rhonio oxide proauceat "VTVi^t^ \% \\. WWtA 
(g 116.) How prepared ? What is Uie reacliout 
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(§ 117.) Properties. CO is a colorless, tasteless, in- 
odorous gas, burns with a characteristic blue flame, form' 
ing CO2. 2 volumes of the oxide with 1 of oxygen, 
miilgled in a gas-pistol and fired, explode feebly. 

It is poisonous in its action on animal life. It is often 
this gas that causes death in close rooms, by burning' 
charcoal. From the limited supply of air CO is formed 
instead of CO2. 

Le Blanc has shown that it is 25 : 1 times more injur! 
ous than COg. 

It reduces the metals from their oxides at a high tem 
perature, as is shown in blast-furnaces. See Iron. 



Carbonic Acid, Sym. CO2. Eq. 22. Sp. gr. 1.62. 

(§ 118.) History. This gas was discovered by Dr 
Black, in 1757, being the first gas discovered. Lavoisiei 
proved that it contained carbon. 

The ancients were undoubtedly acquainted with it. 
Their spiritus lethalis was probably this gas. The spiritus 
sylvestris of Paracelsus and Van Helmont was carbonic 
acid. It has been cdllQA fixed air^ acid vapor y aerial acid, 
and choke-damp. 

(§ 119.) Preparation. It is readily prepared by turn- 
ing diluted muriatic acid on marble 
powder, or chalk, in a flask, so ar- 
ranged as to collect the gas, as repre- 
sented by the figure. Heating the 
limestone or chalk does the same 
thing ; 1 quart of limestone will give 
a barrel of gas. The lime unites with 
the acid, forming the muriate of lime, 
liberating the CO2. The following 
formula expresses it — 
CaOCOa + CIH = CaOClH + CO2. 

({ 117.) What are the properties of CO ? 

(§ 118.) When and by whom was carbonic acid discovered ? Was it 
^own to the ancients ? By what names ? What common name for it? 
({ 119.) How is it prepared ? What is the reaction ? 
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(§ 120.) Properties. Carbonic acid is a colorless gas, 
having a slight odor, and slightly-sharp 
acid taste. It turns litmus, a purplish red, 
which is .restored to blue by boiling. Does 
not support combustion. Immerse a taper 
in it and it is extinguished. It does not 
support animal life, and when pure cannot 
be breathed. 

It is heavier than the atmosphere, as may 
be shown by turning it from one vessel into 
another, as you would water. 

It often coUects in wells and caves, occupying the lowest portioma. 
When found in wells they are said by some to suck. 

The ** Cave of the Dog," near Naples, is a cavity filled with CO2, just 
as it might be filled with water, into which if a small animal enters it 
is drowned, as though it had been water, whereas a man can walk un« 
harmed through it, because it is not as deep as his height, and his head 
is in pure air, while his lower extremities are in COi. 

So the "Lake of Poison," in the island of Java, is a lake of carbonic 
acid. It is three-fourths of a mile in circumference, 80-35 feet deep, 
and fiUed with 18 feet of CO2. The bottom is covered with the bones 
of men and animals. 

This gas often accumulates in wells and cisterns, and has repeatedly 
caused the death of persons going into such places incautiously. 

When CO2 accumulates in wells or cisterns its presence may be deter- 
mined by lowering a lighted candle into it, and if it continues to burn 
there is no danger of CO2 ; but if it is extinguished, it would be fatal to 
life to enter such a place. Life cannot be sustained where a candle 
will not burn. To remove this COj milk of lime is best. Recently- 
burned charcoal will also remove it. 

(§ 121.) CO2 is produced by combustion. This may 
be shown by burning a piece of charcoal in a vessel of 
oxygen, and then turning in clear lime-water, which will 
be rendered turbid by forming the carbonate of lime. 
Fatal effects are often produced by burning coals in a 
close room, in an open vessel, where persons are sleeping. 

That water and COa are produced by combustion may be proved, by 
holding an inverted vessel some distance above a flame, it will be 
covered with moisture, and gives the COa test by lime-water. 

Invert a vessel above the mouth, and breathe a few moments, and 

(2 120.) What are the properties of COa • B^o^ nia,y its specific gravity 
be shown ? How is the " Cave of the Dog" explained ? What is said of 
the " Lake of Poison ?" Where does this gas accumulate ? How de- 
tected ? How removed ? 

(I 121.) When is COj produced? How may it "be «i\iO'«Tit 'S.qtw ^^^ 
produced? Bow proved f What relation have com\)\]fit\oii wA x^^'^v 
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tlien Iiol I it erect 1)(>low the mouth, testing at each time for COi, and 
tiic rnr!ii.;>r will contAiii CO^, and the latter will not contain any. 

COj is produoed by respiration. Breatbe tbroagli 
some clear lime-water, by means of a glass tube, and the 
water will become turbid by the union of COj with the 
lime, as in the above case. 

In their chemical relations combustion and respiration 
are the same. The materials in both cases are burned 
up, and the result is carbonic acid, water, and heat. 

One pound of oxygen cnnffumed hy hydrogen viU raise the tempera- 
ture of UOAlbs. of water from iV2° to 1*1 2^ 

Wilh Chwco.il, 1!0, 
** Ale«.hol, l!8. 

«* Ether, 281, 

" Iron, r>;J, 

*' Phosphorus. 63. 
It will bo readily obserye<l that the first four bodies gire nearly the 
same ncnount of heat with the same amount of oxygen, but the amounts 
of the material burnt will be very different. There will be 6 timet ai 
much carbon burut as of hydrogen, and much larger quantities of alcohol 
and ether, and 28 times as much iron. 

It will also be observed that the iron and phosphorus giro nearly the 
same amount of heat with the same amount of oxygon, and that nearly 
twice as much as with the preceding bodies. The first four bodiei 
formed gases by the combustion, the last two solids, which acooonts for 
the difTcrcncc, nearly half the heat being required to produce the aeri- 
form state. 

If wo take the reverse of this, that is, take tho same amount of the 
combustibles, and the results are very different — 

lib. of hydrogen burned will heat 23Glbs. of water from 82®-212*, 
1 ♦♦ charcoal " " 78 ** " 

1 ** alcohol " *♦ 07 " *' 

And so on a much less amount of tho others ; iron least of all. 
The amount of heat liberated is fixed and invariable, when the oon 
ditions arc tho same. 

Eleven ounces of carbon arc detached from the blood by respiration 
in 24 hours, forming about 44 ounces of CO^. 

Mineral springs often yield large quantities of CO^ 
The Saratoga springs are constantly emitting large quan- 
tities of COj. 

(§ 122.) Solution in -water. Water at the ordinary 
temperature absorbs its own volume of COj, at the coin- 
ration ? IIow docs tho same amount of heat liberated with different 
bodies compare ? Why does iron produce nearly twico as much heat 
as carbon in burning with the same amount of oxygen ? How if we 
reverse the case? llow much COi is liberated from, the blood in 24 
hnnra ? ^Yhat 13 said of mineral apTiu^&t 
(i 122.) How much COj does walcx abwxb ax ot^JcMcn \.OTfi««%taw^\ 
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mon pressure of the atmosphere. If the pressure be 
increased, or the heat diminished, it will absorb much 
more. 

Soda fountains. On this principle soda fountains are 
charged. The gas is forced, by a force-pump, into a 
strong copper fountain, filled with water, until it has 
absorbed many times its volume of gas. A tube run- 
ning to the bottom of the fountain, with a stop-cock at 
the top, gives emission to the impregnated water. The 
elasticity of the gas forces it out. 

Sparlding liquors. Sparkling and foaming wines and beers are bot- 
tled before the production of CO2 has entirely ceased, and the corks 
fastened down. The CO2 increases, and is confined in the fluid, and 
if the elasticity does not become too great, remains till the cork is 
loosened. Sometimes its elasticity becomes too great, and the bottles 
burst, or the confined cork is driven out. 

Its remaining in the fluid in the closed bottle gives it the name of 
fixed air. 

Dropping a body into a foaming liquid will make it foam still more, 
because the gas is held by the water, and wherever the body touches it 
it releases one side of the atom of gas from the force of the water, and 
the bubble rises. So when a sparkling fluid is turned into a tumbler, 
the gas rises most from the sides and the bottom of the tumbler, for a 
like reason. 

Use in raising bread. It is CO2 that raises bread, or batter, or cake. 
The materials are so arranged as to eliminate CO2 at once, or by the 
heat during the baking, and this gas, attempting to escape, makes the 
mass porous, and we say it is light. 

(§ 123.) Liquid C02. CO2 may be converted into a liquid or solid 
by sufl&cient cold and pressure. At the freezing point of water, and 
under a pressure of 36 atmospheres, it becomes a liquid, and by its own 
evaporation it freezes itself. 

Seeds will not germinate in CO2, nor in an atmosphere containing 
one-eighth of it. 

It is found in all natural water, and forms ^-^q-^ part of the atmo- 
sphere. 

It dissolves carbonate of lime when the gas is in excess, which enables 
us to explain the production of stalactiteSy calcareous tufa and traver^ 
tin. The gas in the earth dissolves the carbonate of lime, and when 
it reaches the air the gas flies off, and leaves the lime in the various 
forms of deposit indicated by stalactites, travertin, &c. 

Wet wood loses fVom 20 to 25 per cent, of water by simply drying. 
Its presence diminishes heat in two ways : 1st. It hinders combustion ; 
2d. Takes heat to evaporate the water. 

How are soda fountains charged ? How are sparkling liquids produced ? 
What effect has a foreign body in the liquid ? How does it Txv.\?k^ Vi\^"^^\ 

(§ 123.) How may CO2 be made liquid or BoVVdt '\^V«X ^^^^K. oro. %«tL- 
m'mation f Where found ? What does it diaaoViel l\o^ «5^ ^V^s^N.^^'C^^-* 
trarerHne, &c., produced ? Is wet wood ecouomvcisX*^ 12la>R \NN»&Ve*N«»>^ 
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Suppose lOOlbs. of wood contain 401bs. of water, then enough wood 
mast be consumed to exaporate this water, and tLere is only 60 per 
cent, of carbon remaining to do that, and heat the materials desired. 
It will take a little more than lib. of carbon to raise the water to 212°, 
and 81bs. to convert it into steam. There is then remaining only 511bs. 
out of the lOOlbs. to do the work intended by the combustion of the wood. 
We see from this simple example, that it is not economical to burn green 
wood for producing heat ; not only a great loss of heat, but for every 
lOOlbs. of wood hauled, 401bs. of more than useless water are hauled 
also 

COMPOUNDS OF CARBON AND HYDROGEN. 

(§ 124.) We cannot obtain the compounds of C and H 
by direct union, as we can CO and CO2, but are obliged 
to obtain them ifrom organic materials, or materials that 
have been produced by life. 

There are numerous compounds of C and H, some 
solid, some liquid, and others gaseous. 

Whenever we submit organized materials to the action 
of heat, we obtain a greater or less number of compounds 
of carbon and hydrogen, depending on the nature of the 
body, and the circumstances attending the action of the 
heat. 

They are produced in great quantities by nature in 
vc^^ctation. Oil of turpentine, oil of orange, oil of lemons, 
India rubber, and gutta percha are all examples of hydro 
carbons. 

We shall confine our attention to those which are moro 
commonly discussed in inorganic chemistry, and are the 
products of various reactions. 

Bi-hydruret of Carbon, C^B.^, Marsh Gas, Light Curhu- 
retted Hydrogen, Heavy Inflammable Air, 

(§ 125.) This gas is formed at the bottom of stagnant 
pools, whore vegetable matter is decaying. It is also 
formed in coal-beds. In both cases it is produced by 
the decomposition of water. The hydrogen and oxygen 
both uniting with the carbon, forming CO2 and C2H4. 

(5 121.) Can wo obtain the compounds of C and H directly by the 
union of the elements? How must we obtain them ? Are there many 
of these compound^? Where are they produced? What by liying 
vegetables ? 

(J 126.) What is the experiment for bi-hydruret of carbon ? By what 
oam0B i§ it known f Whoro is it found T 
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(§ 126.) Preparation. This gas is p:eparcd by mixing 
in a retort, acetate of potash (KO,C4H404) and caustic lime. 

The following formula expresses the reaction — 
aH40,.K0 + CaO = KO,CO, 4- CaO,CO, ^ C,n,. 

It may be obtained from stagnant pools, by stirring 
the bottom, and collecting 
it in an inverted bottle filled 
with water, with an inverted 
funnel in its mouth. 

(§ 127.) Properties. This 
gas is highly inflammable, 
producing by its combus- 
tion water and CO2. The 
density of this gas is one- 
half that of air, and in mines it accumulates in the upper 
portions of the mines and mingles with the air. When 
this mixture is brought in contact with a burning taper 
or lamp, it explodes. 

Many calamities have occurred by these explosions. 
Davy's Safety Lamp has greatly lessened the danger. 
In fact, if Tiis conditions are fulfilled, there is no danger. 
It is founded on the principle, that flame will not pass 
through narrow tubes or wire gauze. 

Davy's Safety Lamp consists of an ordi- 
nary lamp a, with a glass cylinder 6, put 
around the flame, and of about the same 
height as the flame, and secured tightly 
to the top of the lamp. A metallic gauze 
cylinder, c, is attached to the top of the 
glass cylinder. Within this gauze cylin- 
der is a conical sheet-iron tube d, placed 
immediately over the flame, and open at 
both ends, so that the heated air passes 
up through it. This current passing up 
through the central tube produces a cor- 
responding current downwards, which 
feeds the flame, so that there is no chance 




fj 126. J How is it prepared? What is the reaction? 
(J 127. ) What arc its properties ? What occurs in mines ? What mU 
prevent their explosions? How is Davy's safety lamp ccnLsVxMc,\.vi^\ 
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of heating the wire gauze, and the light is unobstructed 
bv the glass cylinder. 

It requires 2 volumes of ox3'gen to burn up 1 volume 
of bi-hydruret of carbon. Tlie gas consists by measure 
of J volume of vapor of carbon, and 2 of H. To burn 
the carbon reauires 1 volume of oxygen, and th*^, same 
to burn the 2 of H. Mixed with 6 to 12 volumes of air 
it explodes. A greater or less quantity more or less 
diminishes the explosion. Although combustible, it ex- 
tinguishes combustion. 

Olefiant Gas. Sym. C4H4. 

(§ 128.) History. This gas was discovered in Haar- 
lem, in 1790, by an association of chemists of that city. 
With chlorine it forms a compound resembling oil, 
and hence its name. The material formed is chloric 
ether. 

(§ 129.) Preparation. It is easily prepared by heat- 
ing 1 part of alcohol and 4 parts of SO3 in a retort. 

Alcohol may be considered as a compound of olefiant 
gas and water. The sulphuric acid takes away the water, 
and the gas escapes. 

(§ 130.) Properties. This gas is colorlesss, tasteless, 
with a slight odor. Its density is about equal to air. 
Heat decomposes it into carbon and C2H1. Electricity 
does the same. It may be condensed into a liquid. 

It burns with a splendid white flame, and is the best 
portion of illuminating gases. Those materials that will, 
in their decomposition, give the most C^^, are best 
suited for making gas for illumination. It does not sup- 
port combustion. It burns, when mingled with chlorine, 
forming chlorohydric acid, the carbon being deposited. 

It requires 3 volumes of oxygen to consume it. The 
gas being composed of 1 volume of carbon and 2 volumes 
of hydrogen, taking then 2 volumes of to burn the C, 
and 1 to burn the H. 

(? 128.) When and where was olefiant gas discovered? 
11 129.) How prepared? How is the reaction explained? 
({ laO.) What arc the properties of this gas? How does it born? 
How much )xygon required to bum it ? 
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There are many other compounds of C and H, having 
the same relative amounts of the elements. 
Propylin, CsHg = 4 volumes, 
Amylin, CiqHio, 
Paramylin, C20H20, 
Ceten, O32H32. 

ILLUMINATION. 

(§ 131.) To produce much light by flame in combus- 
tion, three things must conspire. Great heat, a solid 
body, and the getting rid of this solid as fast as it is 
produced. In the burning of oils, and fats, and gases, we 
have these conditions most completely fulfilled. 

(§ 132.) When oil, or tallow, or wax, or spermaceti 
burn with a wick, the flame consists of three portions : 
1. An inner non-luminous portion, which consists of 
gases produced by the decomposition of the substance 
burned in the wick; 2. The luminous shell, consisting 
of heated carbon, heated by the burning of 
the hydrogen. The hydrogen burns first, and 
is the most luminous portion of the flame. 3. 
An outside envelope, giving but little light, 
and is where the carbon, that gave the light, is 
burned, and is the hottest portion of the flame. 

The same is the process in burning gas, only 
the gas is made and stored before being burned ; 
whereas in the candle or lamp it is made as it 
is burned. 

The reason that hydrogen gives so little I 
light is owing to the fact that hydrogen is a 
gas, and the product of combustion is a gas, 
and no solid to become luminous. A solid 
placed in the hydrogen flame produces intense light. 
Solids will become luminous at the temperature of 977®, 
or red-hot; at 2130® white-heat is produced; and in 
passing from the lower to the higher temperatm^e all the 

(J 131.) What three things must correspond to produce much light? 
(I 132.) Of how many parts does the flame of a lamp or candle con- 
sist? Why does hydrogen give so little light? NVVieTi ^o ftoVA^'Vi^- 
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colors of thb spectrum are produced, and by combina* 
tion of all of them we have '* white light." 

The increase of light is not in a simple ratio to the 
increase of heat, but in a much greater degree. Platina 
at 2600° gives 40 times more light than at 1900°. 

To make gases luminous, requires a much higher 
degree of heat than for solids, as is readily shown by 
placing a fine wire above the flame of a candle, which will 
be heated to redness, although the air was not luminous 
at all. 

When the air is made to mingle with the flame, as by 
the blow-pipe, the intensity of the heat is increased but 
the luminousness is diminished, because the carbon and 
hydrogen are both burned up together. Oxygen mingled 
in large quantities with the gas or flame diminishes the 
brilliancy ; but increases the intensity of the heat. 

(J 133.) NatnrG of flame. The luminous portion of flame of a 
lamp or candle is madb up of a series of concentric layers, of the 
various colors of the spectrum ; red being the interior, orange, yellow, 
blue, indigo, and violet succeeding each other outwardly. The colors 
being as the energy of the combustion, the red being the lowest, and 
the violet the highest. The reason that the interior is red is owing to 
he small quantity of oxygen supplied, from the difficulty of its pene- 
trating the other layers. The temperature of the red is 977®, and the 
violet 2500°. The reason that the flame is blue at the bottom is, that 
it is too largely supplied with air, and that the top is often red is owing 
to ascending current of the products of combustion, which excludes the 
oxygen of the air. The lower portions of the flame being supplied with 
too much oxygen, and the upper .with too little. 

(§ 134.) Oils, tallow, spermaceti, wax, and stearine, are 
the substances usually employed in giving light. 

A wick is employed to expose a small portion of the 
materials at a time, that it may be decomposed into the 
hydrocarbons. The higher the melting-point of the mate- 
come luminous ? When white-hot ? IIow docs the luminosity increase? 
How illustrated by platina ? Are gases as luminous as solids ? How 
shown ? What eifect has much air on a flame ? What eff^cct has a large 
supply of oxygen ? 

(2 133.) Of what is the luminous portion of flame made up? What 
part is red ? Which violet ? On what does the colors depend ? Why 
is the centre rod? Why is the flame blue at the bottom ? Why red at 
the top ? 

(J 184.) What substanoos are employed to give light? What is the 
object of the wick ? 
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rial of which candles are made, the less the wick may be. 
In candles made of wax, spermaceti, and stearine, the wicks 
are so small that they bend over and burn off, and need 
no snuffing. The wicks can be made smaller, because the 
solid materi^ is nearer the flame, and of course there is 
a less distance through which the fluid must be drawn. 
Tallow melts at 100°, spermaceti 112°, stearic acid 167°, 
wax 155°. 

If the wick becomes red-hot it injures the illumination. 
The unconsumed carbon is deposited upon it, and the 
intensity of the light is greatly diminished. 

(J 135.) The constitution of oils and fats is about 80 per cent, of car- 
bon, 12 of hydrogen, and 10 of oxygen. 

There are various compounds used for illumination, of more or less 
value. 

Camphene is pure spirits of turpentine, abundant in carbon, and when 
perfectly burned gives a brilliant light. It consists of 88.46 of carbon, 
11.54 of hydrogen. It makes a very white light. Camphene must be 
fresh distilled, as it absorbs oxygen, and is converted into resin. 

Burning fluid is spirits of turpentine dissolved in alcohol. This is one 
of the best illuminating substances. It bums brilliantly, and, unlike 
camphene, may be burned in any form of lamp, without smoke. 

These last two substances form very explosive compounds by mingling 
with the air. A light should never be brought near a vessel partly full 
of either of these liquids. The danger lies in a mixture of the vapors 
with the air. 

Sometimes the burning fluid is formed into vapor by the heat of the 
combustion, and no wick is required, and hence gas lamps. 

Silvic Oil, obtained from rosin, is now manufactured for burning. 

Betizole is a product of distillation of coal, and is a hydro-carbon con- 
sisting of CijHe. It gives a powerful light. Is easily converted into 
vapor, which forms a good light in burning. 

Kerosene oil is a kind of burning fluid, obtained, like benzole, from 
the distillation of coal. It is rich in carbon, and unless peculiar means 
be employed for its combustion, it emits much smoke. It is not explo- 
sive. It is said to be the cheapest material for giving light. 

By passing hydrogen or moist air through benzole, or spirits of tur- 
pentine, it gives a fine light. 

The flameless lamp is a coil of platina wire, put in the flame of an 
alcohol lamp, and then the flame extinguished, the platina will con- 
tinue to glow. 

When can wicks be made small ? Why need no snuffing ? What effect 
Las a large red-hot wick ? 

(g 135.) What is the constitution of fats ? What is camphene ? What 
is burning fluid? How do they become explosive? What are gas 
lamps ? What is silvic oil ? What is benzole ? What is kerosene ? 
What is the flameless lamp ? 
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GAS-LIGHTS. 

(§ 136.) All ordinary lights are gas-lights. T ae gas 
in a burning lamp, or candle, is formed at the time of 
combustion, and, in what we call gas-lights, it is made 
and stored up at a distance from the place of consump- 
tion. 

The earliest manufacture of gas-ligbts, for illuminating houses, was 
conducted in Manchester, England, by Mr. Murdock, in 1804. Its 
manufacture was immediately taken up, and companies were formed; 
and every town and city of any magnitude is now lighted with gas. 

(J 187.) The materials from which gas is made are bituminous coal, 
oils, tar, and rosin, although the destructive distillation of almost any 
organic substance will yield the hydro-carbons. Cotton seed makes an 
excellent gas. 

(§ 138.) Gas from coal. The gas from coal is obtained by heating, 
in an iron retort, to a glowing red-heat, bituminous coal. The character 
of the gas is changing at every period of its formation. The first is 
mixed with hydrogen, ammonia, and coal tar, the middle formation is 
the richest in the illuminating gases, towards the end it forms CO nitro- 
gen and hydrogen and sulphurous acid. 

The products of the distillation are coal tar, ammonia, sulphurous acid, 
carbonic oxide, carbonic acid, sulphuret of carbon, sulphuretted hydro- 
gen, bi-hyduret of carbon, and defiant gas, with small quantities of 
other substances. 

It is evident that all these products but the last two must be separated 
before the gas is burned. The coal tar and ammonia are mostly sepa- 
rated by simply cooling the products, which is accomplished by passing 
the gases through tubes immersed in cold water. The acid gases are 
separated by passing them into milk of lime, which renders the gas of 
sufficient purity to burn. It is not however perfectly pure. 

(J 139.) Oil gas is the richest in C4H4, and hence makes the best 
gas, but when coal can be readily obtained it is the cheapest. A pound 
of coal, if good, will yield 4 cubic feet of gas ; a pound of oil will yield 
16 ; a pound of rosin 10. If the pound of coal, however, can be bought 
for 3 cents, and the pound of oil costs 20, it is evident that coal is the 
cheapest. 

(J 140.) Burning gases. There is much management required in 
the burning of gases, to gain the greatest amount of light, with the 
least amount of gas. Too great pressure is injurious, as the gas ex- 
pands so much, when it issues, that it mingles oxygen with the gas, 
which injures the brilliancy. Too small an orifice is also injurious, for 
the same reason. 

(§ 13G.) What are all ordinary lights ? How do they differ from gas- 
lights ? When was gas earliest manufactured ? 

(J 137.) What are the materials from which gas is made ? 

(l 138.) How is gas from coal obtained? How does the gas vary? 
What are the products of distillation ? How is gas purified ? 

(} 139.) What is said of oil gas? 

(I 14?).) What is wnid of burning gases? 
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Effect of ttancUng. It is iiyurious to allow gas to stand long before 
being burned. It loses greatly its illuminating poller, and increases 
much the expense to the consumer to obtain the same light. 

(§ 141.) Combustion for the production of heat. 

The conditions for the production of the greatest amount 
of heat, are not coincident with the greatest amount of 
light. The most highly carbonaceous compounds ])ro- 
duce light; while those containing the most hydrogen 
give tlie most heat. Hydrogen may be considered as the 
representative of heat, and carbon of light. Hydrogen 
gives three times more heat than carbon. The most 
intense heat that can be produced by combustion, as has 
already been shown, is the burning of hydrogen by pure 
oxygen with the compound blow-pipe. 

(J 142.) Alcohol for heat. Alcohol (C4H50,n0) is the material 
most commonly employed in the laboratory for the production of heat, 
by lamps. The flame has but little brilliancy, but intense heat. The 
carbon and hydrogen seem to burn up together, and not in succession, 
as in those substances that give light, since no carbon is deposited by 
the flame, when a cold body is placed in it ; hence its peculiar adapta- 
tion to chemical pur- 
poses, as the vessels 
heated are not black- 
ened, as they would 
be by the flame of 
ordinary combusti- 
bles. When the blow- 
pipe is used to in- 
crease the intensity 
of the flame, which 
it does by supplying 
more oxygen, a large 
wick is used, as in 
the common alcohol 
lamp. When vessels 
are to be heated, Ber- 
zelius's Lamp is the best suited for the purpose, having an Argand 
burner, with supports for vessels, and handle for management. An 
Argand burner is a cylindrical wick, with a chimney placed over the 
flame, which is supplied with air both from the outside and through 
the centre, as shown in the figure. This improvement was made by 
Ami Argand, of Geneva, in 1787. Some important improvements have 
been made on it, fitting t to burn the hydro-carbons. All these have one 

What of its long standing ? 
(2 141.) What compounds give the most heat? 

(I 142.) For what is alcohol used? Why better than other liquids 
and solids ? What is an Argand burner ? 
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object, viz., to throw the air directly upon the flame. A metal button is 
sometimes placed on the flame, so as to project the air horizontally, that 

rises through the centre of the flame. 
Another is by a metallic dome, so that 
the two currents, the outer and central 
ones, shall meet in the flame. 

The Blast Lamp, as it is called, for 
particular purposes, is very convenient. 
Its peculiarity consists in burning the 
vapor of alcohol. It is a strong cop- 
per cylinder, a, with a conical cavity 
through the centre, open at top and bot- 
tom, as shown in the figure at b. A bent 
copper tube, c, goes from the top of the 
cavity of the cylinder, at d, and termi- 
nates near the top of the conical cavity, 
at e. There is a chimney of sheet-iron, 
/, fitted at the top of the copper cylinder. 
The copper cylinder being filled with 
alcohol, the apparatus, thus described, 
is placed over an Argand lamp, and 
heated. The alcohol boils, and its vapor 
passes through the tube, at d, and issues 
from the jet, at e, in the centre, and is 
then set on fire, and bums -with, great 
intensity. Materials to be heated are 
placed on the top of the chimney. For 
bending or working large glass, tubes, 
or heating in crucibles, this lamp is very 
efficient. The intense heat in the tube 
produces an upward current of air, which 
rushes in, producing a roaring flame. 
(? 143.) Furnaces. When furnaces are used coal is the fuel, and 
next to the combustion of hydrogen, produces the most intense heat. 
The intensity of the heat produced, is increased by the rapid supply of 
oxygen, and the rapid removal of the products of combustion. It is 
evident, that the amount of heat will be as the number of atoms of 
oxygen that combine with the carbon ; and it is equally evident that 
unless the carbonic acid (CO2) is at once removed, the combustion must 
be retarded, as it is neither combustible nor a supporter of combustion, 
but extinguishes it, by excluding the oxygen. Hence the increased in- 
tensity of the heat by a blast, or blowing. The intensity of furnace 
heat depends verv much on the amount of air supplied. Too little or 
too much is equally injurious. If too little carbonic oxide (CO) is pro- 
duced, which only requires half as much oxygen in producing it, as in 
carbonic acid (CO2) ; and of course only half the heat to the same car- 
bon ; and besides the CO is a lighter gas than CO2, and hence more 




What improvements have been made ? What is the blast lamp ? How 
is it constructed ? 

(J 143.) What fuel for furnaces? How is the intensity of the heat 
increased ? On what does the intensity of the heat much depend ? If 
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ticsat is reqnircd to produce it, as its specific heat irill bp greater. If 
too muck air is introduced, the excess of air will be heated, and pass 
off up the flue, and carry the heat with it. The amount of air required 
to burn pure carbon is very great. To bum lib. of charcoal will require 
about lljlbs. of air, and will produce SJlbs. of COj. The proper supply 
of air is one of the most important points to be regarded iu the produc- 
tion of heat. Heated air will produce a much more intense heat thnti 
cold air; hence, in furnaces, arrangements are often made to use tlie 
waste heat, to heat the air by which the blast is kept up; and iron thus 
produced is called hot-blast iron. 

(§ 144.) Blow-pipe. The blow-pipe is an important instrument Im 
the hands of the chemist, mineralogist, and 
artist. Its ordinary use is to supply air to 
the flame of a common lamp, to increase the . 
intensity of the heat, but it has much more 
important applications, especially in relation 
to chemistry. It may be made an easy method of reducing or oxidizing? 
metals in chemical analysis. 

Oxidizing fiame. When the jet of the blow-pipe is placed within the 
flame of the lamp, so that the oxygen ^<^^^:==^ 

shall mingle with gases, more oxygen ^^^ ^^^^^^'^m ^'^^^ 

is supplied than is necessary for com- ^^^^;^^^^ ^^~ ^' jjj 

bustioB, the whole flame being blue, — *^*^^^ gg wf^\ 

and the hotter oxygen unites with the Bj nMM 

metal, and produces an oxide. This ||i ! llixfl 

may be shown by using a small shot. Hi :''||B 

and the oxide of lead will be produced. iL.%.Jpl^ 

Reducing fiame. By placing the jet of the blow-pipe ai littlo out of 
the flame, and a little above the top of the wick, the whole tlame will 
be projected horizontally, with- 
out the mingling of the oxygen of 
the air so much with the burning 
gases, and there will be a yellow 
portion of the flame ; this is the 
reducing portion, and if the oxide 
of lead made in the preceding 
experiment be brought into this 
portion of the flame, it will be 
reduced to metallic lead ; the heated carbon will unite with tl:c oxygen, 
and leave the lead. 

COMPOUNDS OP CHLORINE AND CARBON. 

(5 145.) Chlorine does not combine directly with carbon. Hut by the 
action of chlorine on the hydro-carbons, we may obtain a large number 

too little, how is it affected? How explained? If too much? How 
explained ? How is heated air produced ? 

(2 144.) What of the blow-pipe? What is its use ? What chemical 
applications? What is the oxidizing flame? How produced? How 
illustrated? What is the reducing flame? How produced? How 
illustrated ? 

(§ 145.) How does chlorine combine with carboiit lo. '^^v^V. wiJa- 
5 
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&f ehhro-earh^m hj Buhatitutbn ; and it is possible, tbat clilorine mkj 
be made to take tbe place of liydrogetl m all !ho hydrO'Carbons. Il 
will take the place of the hydrogen in mtirsh gaa (C;.H<), and forms 
colorless It quid with a peuetrn-Uiig ethereal odor (CyClj). It cud also 
be Qifido to lake the place of ihe hydrogen in olefiatiC. gas (CiH^), form- 
ing a limpid liquid, insoluble in water (C4CI4). It also forma a com- 
pound eorrcsponding to CiW^. being a solids tranepurotitj and uolorles», 
with an odor of ca^nphor (CiClft)* 




KITEOGIK 

Sym. N. Eq. 14. Sp, gr. 972. 

Its name is deriyed from tlie Greek nitron^ nitre, and i 
geniWLO, I produce, from its producing nitre indirectlj-« 
Lavoiaier called it azole^ from a privative^ and zoe life, ■ 

(§ 146.) Discovery* Nitrogen was pointed out as a 
distinct gas by Rutherford in 1772. It was Long con- 
founded with CO.^ because it extinguished combustion, 
and did not burn* 

Disinbution, It constitute four-fifths of the atmo 
spheric air. It enters into the constitution of living 
beings, animal and vegetable alike. Those substances, 
that contain much of it, give an exceedingly offensive 
odor in decaying, 

Prepaxationi It is obtained from the air by taking 
away tlie oxygen. This is accomplished in various 
ways* A convenient mode is to burn a piece of phos- 
phorus under a glass receiver, over water. Place a 
piece of phosphorus iu a shallow metallic or porcelain 
vessel, and float it on the water, in the pneumatic trough, 
by placing the vessel on a large cork. Set the phos- 
phorus on fire, and place a bell-glass over it, (To keep 
the cork from oversetting, stick a nail on the under side, 
with head downwards*) The phosphorus, in burning, 

Btanoet rill* it take the place of hjdrogent What examples iUus- 
trato it? 

(3 1400 History of nltrogenT What of Ita dieldbutionsf How ia 
it prepared ? 
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takes out all tlie oxygen, which is converted into plios- 
phoric acid, PO5, which is soon absorbed by the water. 
The CO2 may be taken out by caustic potash, and the 
water by passing the nitrogen over chloride ol* calcium, 
or through sulphuric acid. But for ordinary purposes 
these purifications are unnecessary. Euthcrford obtained 
it by confining animals under a bell-glass till they died, 
and then agitating the contents of the jar with an alka- 
line solution, to remove the CO2. A mixture of sulphur 
and iron filings, moistened and placed in a receiver over 
water, will, in 24 hours, remove the oxygen. 

(§ 147.) Properties. Nitrogen is colorless, inodorous, 
and tasteless. It is neither combustible nor a supporter 
of combustion. Does not support animal life. As an 
element it possesses no positive properties. Scarcely 
soluble in water. It unites with difiiculty with oxygen, 
only in a nascent state. Under similar circumstances it 
unites with hydrogen. It unites with many of the ele- 
ments, but never with any one directly. Although nitro- 
gen possesses no positive properties by itself, it forms 
some of the most interesting, characteristic, and impor- 
tant compounds, produced either by nature or in the 
laboratory. The most active portions of the animal sys- / 
tern, brain, nerves, and muscle, have nitrogen as an v 
essential element. The most powerful medicines, and 
the most virulent poisons, prussic acid, morphine, strych- 
nine, nicotine, &c., are nitrogen compounds. The most 
explosive compounds also have a base in the same ele- 
ment : common gunpowder, gun cotton, and all the fulmi- 
nates, and perhaps the most violent of all, chloride and 
iodide of nitrogen. 

ATMOSPHERE : atmos, vapor, and spJiaira, a sphere. 

(§ 148.) History. The ancients considered the atmo- 
sphere as an elementary body. Their elements were fire, 
air, earth, and water. 

(J 147.) What are the properties of nitrogen? Does it unite with 
other elements directly ? What of its compounds ? 
(J 148.) What early discoveries in relation to the atmosphere? 
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To the researches of Lavoisier and Scheie we owe am 
e^irlicst knowledge of the constitution of the air, 

LavoiHier noticed, as others had done, that in exposing 
metals to oxidation, tliey increased in weight, which was 
explained by John Hey, and others following him, by 
supposing that the air mingled with the metal, just as 
water mingles with sand. But Lavoisier showed, that 
this air mingled with the metal was very different from 
ordinary air ; that it was oxygen, and formed a part of 
the air. From these experiments resulted the knowledge 
of the constitation of the air, that is, so far as ©jN^CO^, 
and HO are concerned. 

Its real constitution ia yet to be determined, probably, 
in many particulars. 

(§ 141),) Constitution of the air. The air consists by 
volume of about 79 parts of N, 21 of 0, and ttsVs P^*- <>f 
GO:;, and greatly variable portions of water. Besides 
these constant elements of the air, it is evident that it is 
a reservoir of all volatile materials, as the ocean is of all 
soluble ones. 

We may classify the constituents of the air in the fol- 
lowing manner : 1st, those that are constant and invaria- 
ble, nitrogen and oxygen. 2d, those that are constant 
but variable ; that is. they are always present in the air, 
but vary in quantity. These are carbonic acid and 
water. Sd, those that are inconstant and variable ; that 
is, tltey are not always present, and when present, in 
variable quantities. Tlieso are ozone, nitric acid, ammo- 
nia, hydro-carbons, odors, and all volatile materials. 

(§ 150.) Constant and imrariable elements of the 
atmcspliere. The proportion of and N is easdy de* 
tennincd by putting into a graduated tube a stick of 
phosphorus, and leaving it till the phosphorus will give 
no liglit in the dark, anil it will be found that 79 parts of 
the 100 are left, the 21 taken away being O. The analysis 



Wlio fir^t pointed out (he pHncip&l elements of the nir? 

il 140 ) Of what does the iitmo&phere cnnaist? How maj wo cliissifjr 
(III* cfingirihicuts *3f The ftUt Wiiicli arc tho conFtnnt and iavariable 
pIpniLniis? Wiiicli eonstn^t but TnHjibUf ^Viiich iiiootisiant and vari- 

f| 150 ) How luiiy their vdutive *jii!iiiUJ>' he determined? Wliat itro 
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of the air, in modem times, has been conducted with the 
utmost care, and with the greatest precision, and has con- 
stituted a problem of great interest. It has received tlie 
name of eudiometry, as a distinct branch of investigation, 
which means the goodness of the air, alluding to the sup- 
position that the goodness of the air depended on the 
relative amount of the principal elements that compose 
it. This supposition is not borne out by facts. The 
relative proportions of and N are nearly the same under 
all circumstances. The healthfulncss of the air, then, 
does not depend on the variation in the ratio of N and 
O. We must seek for it in a diflFerent direction. 

The relative amounts of and N by weight, as deter 
mined by Dumas and Boussingault, is O, 28 ; N, 77. 

(§ 151.) Nature of the combination of the elements 
of the air. It has been thought by some to be a chem- 
ical union. This conclusion has been arrived at from the 
following facts : — 

1st. From the constancy of its composition. 

2d. From the relative volumes being as 1 : 4. 

3d. Although the gases are of different specific gravi- 
ties, yet they are perfectly mingled. In opposition to 
this, we have 

1. The resulting volume is the sum of the two. 

2. There is no change of properties by the 
union. 

3. Their combination eliminates neither heat 
nor electricity. 

4. More oxygen dissolves in water than the 
nitrogen, which would not be the case were they 
chemically combined. 

Diffasion of is^ases. That the air is a mechanical mix- 
ture of the constituents of which it is composed, is abundantly 
proved by the facts connected with the diffusion of gases. 

If a. bottle be filled with carbonic acid and another with 
hydrogen, and they are connected together by a tube, as 
shown in the figure, the hydrogen or lighter gas uppermost, 
the gases will perfectly mingle, the lighter gas sinking, and the heavier 

they ? On what was it supposed the goodness of the air depended ? 
What their relative weights ? 

({ 161.) What reason for supposing the union a c\iem\(i«\ OTi^*l '^V^V. 
that it is a mere mixture? How does the diffvaion ot ^"a.a^ti ^^^ >i>CL^ 
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one rising. One gas acts to another gas as a yacuum. They will per- 
fectly mingle, the time only, required for their diffusion, being modified 
by the different gases. 

A diffusion tube is a glass tube 18 or J20 inches leng, 1 inch in diameter, 
with one end closed by a layer of plaster of Paris. If such a tube 
be filled with hydrogen, and exposed to the air, with the open end 
in water, the hydrogen will pass out much more rapidly than the 
air passes in, and the water will rise in the tube, the velocity haying 
relation to the difference of specific gravity of the gases. A piece 
of animal membrane, as bladder, or india rubber, may be used in- 
stead of the layer of plaster, and the gases will permeate the mem- 
brane. If a bladder, half filled with air, having its mouth tied, is 
passed into a bell-glass containing CO], standing over water, it will, 
in some hours, become distended, and even burst, if it was filled 
too nearly full, and the CO2 is abundant. Gases permeate water, 
and diffuse themselves in vessels standing over it. Gases in bell- 
glasses, over water, become vitiated by the diffusion of gases 
through the agency of the water. A glass tube, with a galvanic 
battery cell cemented on to the end, forms a good diffusion tube. 

(§ 152.) Limit of the atmosphere. The limit of the 
atmosphere has usually been placed at 45 miles. It pro- 
bably extends much further; and it, no doubt, varies 
greatly in height at different times, as is indicated by its 
varying pressure. The atmosphere is a vast ocean, enve- 
loping the earth without islands or continents, and press- 
ing upon its surface with vast weight. It penetrates all 
things, filling all cavities, mingling with all fluids, and 
permeating all porous solids. We live and move in it, 
as the fish live in the water; and wholly unconscious 
of its presence, unless brought to our notice by varying 
phenomena. 

(§ 153.) Weight of the atmosphere. The weight of 
the atmosphere is 151bs. on every square inch, and the 
pujnl may easily calculate by the number of square 
inches on the surface of the globe, how much the whole 
atmosphere weighs, which will be found to be about 
5,287,349,955,000,000 tons. 

So far as the physical characters of the atmosphere are 
concerned, it may be regarded as composed of O and N, 

mixture to be mechanical ? What iUustration of diffusion ? What is a 
diffusion tube? How used? How will a membrane be affected? 

(I 152.) What limit is ascribed to the atmosphere? What is the 
atmosphere? 

(§ 153.) What is the weight of the atmosphere on a square inch? 
What are the relative weights of the constituents of the air? 
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the others being in so small quantity that they exhibit 
but little influence. In sustaining the column of mer- 
cury 30 inches, nitrogen sustains 23.36 inches, oxygon 
6,18, making 29.54 inches of the 30. Watery vapor, Jis 
a mean, 0.41 of an inch, CO, 0.02. 

(§ 154.) We use the weight of the atmosphere as a 
unit to estimate other pressures. Thus we say a body is 
pressed 1 atmosphere if it is pressed with i51bs. oii a 
square inch, and 2 atmospheres, if pressed with twice 
151bs., or 301bs. on the square inch, &c. 

The weight of the atmosphere modifies many chemical 
phenomena. Evaporation is limited by it, as this process 
takes place much more rapidly in a rare atmosphere than 
in a dense one. It modifies the boiling point of liquids. 
Many liquids would be permanent gases were it not for 
the pressure of the atmosphere. It modifies respiration. 
This process is more efiective in a dense atmosphere than 
in a rare one. On the tops of high mountains it becomes 
difficult to supply the system with sufficient oxygen from 
the rarity of the atmosphere, and we feel cold, not only 
because the air is colder, but because Jhe internal fire 
becOTaes languid, from the deficiency of the supporter of 
comBusSon." Bo in deep mines we feel warmer, than the j 
external temperature will account for, from the excess 
of oxygen we consume. 

(§ 155.) Relation to animal life. We not only live 
in the atmosphere, but we live hy its agency. Ail our 
life long we are unceasingly employed in drawing into 
our systems this life-giving fluid. It is a process that 
cannot be suspended, but for a few moments only. When 
the supply is cut off, or we cease to fulfil the conditions 
of its admission into our systems, we die. It is no more 
necessary for us than for all other animals. Al] living 
being^s live u pon the air. There is no arrangement in 
tEe animal or vegetable economy, that proclaims more 
distinctly the wisdom and goodness of the Creator, than 
those varied arrangements connected with respiration. 

(§ 154.) How do we use the weight of the atmosphere? How are 
other processes modified bj the presence of the atmosphere ? 

(J 156.) How is the atmosphere related to aulmaV \\t%t \^ \V. %%'«^^Tk« 
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The construction of the lungs shows the necessity and 
importance of this function. The lungs are made up of 
almost numberless cells. Dr. Addison estimates their 
number in an ordinary sized man at 1,744,000,000, which, 
if spread out, would make at least 80 times the sur- 
face of the })ody. The object of this is, that the air may 
act on the blood. Each one of these cells has spread on 
its surface veins, containing vitiated blood, that needs 
renovating, and on the same cell there are spread veins 
to receive the renovated blood, and carry it back to the 
heart, which, by its unceasing action, drives it over the 
body. The blood is renovated by giving off COg, and 
absorbing 0. The oxygen does not act in the lungs, but 
is carried by the blood to all parts of the body, where 
waste occurs and where new materials are required. The 
renovated blood supplies the new material, and the oxy- 
gen burns up the old, worn-out material, which gives us 
animal heat. The more active we are, the more mate- 
rials are worn out, and the more substance is to be burned 
up, and hence more heat is produced. This explains why 
exercise makes us hot, and why we breathe faster to 
supply the required materials to keep up the increased 
combustion. That the heat shall not rise beyond a 
given amount, perspiration is increased, and the tempe- 
rature kept down by the cold produced by evaporation. 
Was anj^thing ever more beautifully adjusted? To pro- 
duce action of muscles, thought, or feeling, materials are 
worn out, to supply new materials and remove the worn- 
out ones produces heat. To keep this withm limits, an 
action is set up to cany off the superfluous production. 
The brain being only'vj^g part of the body, by weight, 
receives about l^th of the blood. 

(§ 156.) Animal heat is just in proportion to the atmo- 
sphere consumed. Those animals that require the most 
power in their exercise, consume the most air. Birds, 
that fly in the air, consume more oxygen than animals 

tial to aU animals ? How are the lungs constructed to receive the action 
of the air? What facts does this explain? What mitigates the tem- 
perature of the body ? 

(J 15G.) How is animal heat? IIow is tho breathing apparatus ad- 
justed ? 
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tliat walk upon the earth, and they are hotter. Iliose 
on the earth more than those in the water, and the land 
animals have a higher temperature than aquatic animals. 
In all these grades the breathing apparatus is exactly 
adjusted to the wants of the system. 

(2 167.) Currents in the air. The air is continually in niciiou. 
The continually varying temperature, occasioned by the sun's heat, is 
continuaUy disturbing the equilibrium of adjacent places, and produc- 
ing currents in the air, which we call winds. These currents are usually 
divided into eonat&nt and variable. The constant currents are those that 
always flow in the same direction. The Trade-winds are invariable cur- 
rents, blowing on the Atlantic and Pacific Oceans. 

On the north side of the equator the wind blows from the north-east, 
from latitude 30 to the equator, on the south side of the equator it blows 
from south-east to the equator. These winds are caused, in the first 
place, by the sun's heating the equatorial regions, and inducing a cur- 
rent from the north and south to the equator. But the revolution of 
the earth on its axis, deflects the current towards the west, for the fol- 
lowing reason : The equator moves about 1000 miles an hour towards 
the east. North and south of this it moves slower. If we suppose air, 
moving from a latitude towards the south, that has a motion eastward 
of 800 miles an hour, as it approached the equator, which is moving at 
1000, it would have a less motion towards the east. This is the case 
with the trade-winds. They are the resultant of two motions, one 
towards the equator, the other the one of rotation towards the east, 
caused by the difference of velocity of rotation. 

How is this constant wind supplied with air? It is evident that 
. every current must have a counter current, unless it moves in a return- 
ing current by a continuous channel. 

(J 158.) Counter carrents. There is a counter current in the upper 
regions of the air. The north and south currents meet at the equator 
and produce a belt, that is calm and cloudy, and rainy, the "Equatorial 
Calms." They pass each other, and move as upper currents until they 
come to latitude 30°, when they descend and become surface currents 
having the contrary deflection from the trade-winds, of course, as they 
are moving towards the east with a greater velocity than the earth over 
which they are passing, and west winds prevail in high north and south 
latitudes. They go towards the poles, when they blow in a spiral, 
turning from west to east, and flow back as an upper current where it 
was surface before, and surface where it was upper before. Thus accom- 
plishing what is recorded of the winds in Eccl. i. 0. *' The wind goeth 
toward the south and turneth about into the north ; it whirleth about 
continually, and the wind returneth again according to its circuits." 
Space forbids the adducing of proof for estabUshing these positions. 

(§ 167.) How is motion in the air produced? How are these currents 
divided? What are constant? What example? Explain the trade- 
winds ? 

(§ 158.) What is said of counter currents? Explain the passage ot 
the air from pole to pole, and back again ? 
6* 
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( ^ 150. ) ElTects ofthe aerial enrrents. Ihe^e Gurtents &Gt a most 
iii*p«riant j^nn \n the tihemiatry of the globo Tliey crtrry the wafers 
i-nia&d up liom the oce-Tni&i, by tropical hcatT to far ofi" regions to water 
them, to modify their tcmpcrnture, and render otherwise inhospitable 
regions not only habitable bnt delightful r«^aid**iictJ8 for man. The 
norihorti hcmispliere is no doubt wftt^^red by vapoi-a rai«;cd in soiiiLern 
ocpans, and lieated by rjiya that fall on aoulhcm seas. The hcdt ruisca 
tlie water into t lie air, and it is borne away by these curtcnls, and heat 
nnl wjvler nre both emptied on countriee^ fai- removed from the places 
^vh♦^nce the heat and water came. The h™t ia the en gin e, and the cur- 
r(*ni« the raiirondj by the agency of which ali the waters, that rim in 
all the rivers, and that is expended for the nsea of animals and Tege* 
iJiblca^ are transported from the great reservoirs all oxer the globe, 

{§ 160.) The constant, "but variable elements of tlie 
atmosphere, Tlie.se arc water and carbonic acid. CO^ 
is always in the air. It ia produced by respiration, com- 
bustion, and decay. 

CO3 is readily shown by exposing clear lime-water for 
some hours to the air. A film of carbonate of lime will 
be formed on its surface. CO2 varies in different locali- 
ties, and at different times of the day, and at different 
seasons. It is greatest in towns and cities, greater in the 
night tlian in tlie day, more in winter than in snmmerj and 
is more abundant in the upper regions of the air than near 
the earth. It varies in quantity in the ratio of 4:6, 

In respiration, we take into the lungs in 24 hours, 350 
cubic feet of air. This is a medium of many experi- 
ments made by different observers, supposing the subject 
to be a medium-sized man. Numerous circumstances 
vary tlie amount received by the same individual, as con- 
ditions of exercise or rest, sickness or health, &c:, and it 
is very various in different individuals. The quantity 
of ojtjgen consumed in the same time is about 20 cubic 
feet. Nearly the same amount by volume of CO^^ is 
returned to vitiate the air, or about 2 lbs. by weight. 
This is done by the thousand million of people on the 
globe, so that 2,000,000 tons of a poisonous gas is poured 
into the air, by respiration alone, in every 24 hours. As 
much, or more, is produced by combustion. The burn- 
ing of every 6 lbs, of coal gives to the air 22 lbs. of car- 



I 
I 

I 
I 



jr/mt 



i 159.) What effects Imve these ^^vtrrentsf 

^ IGO.) What, are the constant but Tariable elements of the air? 

-a^ Is mid of rcJ^piration in the prodnction of COj ? What of com bus- 
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ionic acid. These facts assume great in.portance when 
applied to the conditions of our living, to our homes, 
and habits. An increase of carbonic acid to a scarcely 
appreciable amount in the air we breathe, is poisonous. 
In a room with the doors closed, and one or more lamps 
or candles burning, and a family occupying it, we have 
the conditions which are more or less injurious to health. 
Each individual, by breathing, renders 19.2 cubic feet 
of air unfit for respiration in an hour, while a candle 
will render 17.280 cubic feet unfit for respiration in the 
same time. Besides this, the imperceptible emanations 
from the body, before alluded to, vitiate about as much 
more, so that 50 cubic feet of air would be rendered 
unfit for healthful breathing by one person and a candle 
in one hour. To insure proper aeration of the blood 
much more is required; at least 300 cubic feet per 
hour, and this should be mingled, as little as possible, 
with the air we are to breathe. A person, sleeping in a 
ten-feet room, will vitiate all the air in 2 hours. To 
aflford the lungs an abundant supply of pure air, and the 
body the means of getting rid of the poisonous, elimi- 
nated materials from its surface, are two most important 
points to be gained in hygiene. The former is to be 
gained by free ventilation, the latter by frequent change 
of under-garments, which soon become filled with these 
hurtful materials. 

Many of the diseases suffered by society are produced 
by inattention to these conditions ; and others, that might 
pass with comparatively little difficulty, are made to 
assume a malignant type. Not only does the body suffer, 
but the mind is perhaps as deeply affected by impure 
air, and the temper, disposition, and moral feelings are 
all more or less disturbed. The sick, especially, should 
have an abundance of fresh air, and the whole clothing 
frequently changed. 

(2 161.) Water exists in the atmosphere in an invisible state* 

lion ? What illustration ? How many cubic feet of air would be vitiated 
in one hour by one person and a candle ? What is required ? What 
important points to be gained ? What is said of many dia^^^^^l \5\i^\i 
Buffer by impure Airf Who should haye fresh airt 
^/ J0L) How does water exist in the air t YLoyf rnxxOcL -^ vgw. ^wiXi^ 
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nod in the form of fogs nnil clouds. Many of tUs drcum^lnncea 
u^nnccted wirh the properlka and rdntiona of wtilct irere mendoncd 
under the compounds of hydrogen nnd oiygen. U wag tlierc reiunrkcd 
ihat Jieat held the water In llieair. Air, nt 59*', cjin hold g'. of ils wesgljt 
of water, lit Sip it can hold ^^^y, at llrt"^ it can hold i^^, end for cjvirry ^7° 
rt wUi hold twiec the ^tmiiliiy, IT ixn ntmuspher^j of 1 Ul*^ should niingk 
witli an eqnnl qtianlity of nlmoaphere at 50% the resnlling tGrnperalura 
would be 8(i^ The amount of wntev at 6a is ^^'j,, at 113 it is g\j, which, 
added together, would gjvc ^^ + ^^tj ^^ if(j. wbich» divided by 2 on ac- 
count of thti two voluuiea, and we should have ^|jr, but air at SB** can 
hold only -, J^i, and all the writer ftbove that must be deposited, t^hicb in 
this cftse^ for illustration, is ^ij* This gives the cause of cloudB and 
rain ; the ntitigling moists hat air with cold air. 

(I 162.) If it vessel contaitiiiig some water be so arranged that baro- 
meter and thermoaiKor bulhs can be enclosed in it, and the air ex- 
hausted, we shall lind the column of mercury sink through all the dis- 
tance due to atinospherie pressure ^ but the height to which the uiercuTj 
idll stand in the tube will be due to elastic force of the watery vapor, 
and this will entirely depend on the temperature expressed hy the ther- 
mometer, and always the same for the E?aroc temperature. 

This elastic force of the watery vapor at 32° is OliOO of an iuoli of 
mercury, Lhat is, if the ttlr wilt sustain a column of mercury 30 inches 
long by its pressure or' elasticity, watery vapor nt 33*^ will sustain a 
column 0.207 of an inch. That is, the rising of P has added .007 to 
the clafitidty. If this increment was uniform, by raising the tempera- 
ture 4S° more, would give 4S X ■^^'^ = -S^^* *li^s added to what it was at 
32% would eive what it should be at 32 ^^ 48 = 80% which would be 
.200 -|" .330 = .530, But this, instead of being the elastic force at 80% 
which is 1,043 inchj is the ^la^tie force at a little above fiO% so that an 
atoiosphere with this amonnt of water in it at S(P could be cooled 
20*^ befora it would deposit vapor. This increment in the elasticity of 
watery vapor prevents the surface of the earth being seldom perfectly 
saturated. Two beneficial results follow the establishment oftliis varia- 
tion, one, that rain and sunshine do not rapidly suecced eaeh other every 
day, and that the rain is formed high above the earth, and not on its 
surfftCB^ The inconvenience of either of these conditions can readily 
be perceived, 

(§ 163.) The inconstant and variable materials 
foxmd la tbe atmosphere are important agencies in 
he atmosphere. * 
Ozoiie is ibund in the atmosptere^ especially in healthy 



In the aii- nt 59° ? How much at 80° ? Uow much at 113^? How many 
degrees must be added to double the amount 1 What would result If air 
at GO"^ shouUi mingle with aiv at 113^, both being saturated? 

{i lf32 ^ [fow may the plastic form of "wntiivy vaprjr bo >ihowu ? What 
is it at 32° ? What lor 33"? What for BO^, supposing the i4astic]ty to 
increase as the temperature risea? What is ihe elastic force for bO^J 
What temperature has tbe elastic force expressed? Wimt advaninge 
from this variation from a regular increment 1 

(i 2GB.) WheJi and whore is ozone found? Whtsre is it not found f 
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locations, and at a distance above the surface of the 
earth. In night more than in the day. In winter more 
-than in summer. It acts, no doubt, a most important 
part in many natural operations. It is not found in un- 
Ibealthy locations, especially near the ground. In the 
fever wards of hospitals, in stables and filthy places ; 
over newly-dug earth ; over ditches of fetid water. In 
oonfined places where ozone is not generated, animals or 
;plants do not thrive. They become blanched, the tissues 
soften, and vitality is..destroyed. It seems absolutely 
essential to animal and vegetable health ; and is in some 
"way indissolubly connected with the proper performance 
of the vital functions. Test-papers for ozone we men- 
"tioned under oxygen. 

(§ 164.) Malaria, miasm. In marshy, sickly districts 
"there has been proved to exist a material in the air, not 
susceptible of detection by the most careful ordinary 
analysis, consisting probably of C, N, and H, capable 
of undergoing decay, like animal substances. This has 
"been demonstrated by Boussingault, in some of the most 
sickly districts of Europe. 

That there is a substance that corresponds to these common names, 
there is no doubt. It is without odor, is heavier than the air, and never 
rises, in ordinary cases, but a few feet above the ground. It is pro- 
duced when organic matter, heat, and local moisture combine. 

It may be detected by a chlorine solution of permanganate of soda. 
When the air is made to pass through this solution, the color will be 
removed, if any organic matter is in the air. 

The test-papers for ozone, and the test for malaria, will never be 
affected at the same time, and in the same place. 

If ozone is present malaria is not, and whenever the test for miasm 
is given, the test for ozone is not affected. 

Berigny found ozone in the halls and yards of the hospitals at Ver- 
sailles, but none in the fever wards. In time of cholera ozone could 
not be detected at any of the places where it prevailed. 

These miasms undoubtedly exert a most powerful influ- 
ence on health, yet they have not been isolated for exami- 
nation. A substance has been collected by numerous ob- 
servers that exhibited many common properties. Eigaud 

What effect has its absence on animals and plants ? What is it neced- 
sary for ? 

(J 164.) What has been proved to exist in sickly districts? What 
are some of its properties ? How may it be detected^ Cwi qtq^^ ^tA 
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collected bottles of the aeriform materials, that rise from 
the Pontine Marshes. Vauquielen examined it, and found 
it highly putrescible. Thenard and Dupuytren made 
marsh gas, from imhealthy locations, pass through water, 
and a highly putrescent material was collected. Moscati 
condensed the vapors of rice-fields, and obtained a simi- 
lar substance. Brocchi and Savi did the same ; the latter 
called it puteriine. Our own experiments have confirmed 
their observations. 

Ammonia is also found in the air, as it is generated spontaneously in 
the soil. 

For the same reason the hydrocarbons are to be found in the air. 

The malaria from unhealthy districts, although so pow- 
erful in the production of disease, yet is too minute in 
quantities to yield by the balance any indications of 
its presence. One condition always enters into the pro- 
duction of these phenomena, and that is, the presence of 
heat and water. It is at night, when the air is loaded 
with moisture, that these poisons take effect. It is under 
these conditions of suppressed evaporation, that the sys- 
tem absorbs the malignant poisons. Fires should be 
kept burning in rooms exposed, and the apartments 
closed in the direction of the origin of the malaria. 

(§ 165. Natural means for cleansing the ^^. Na 
ture puts in operation means for cleansing the atmospliere 
of all these hurtful influences. Vegetation lives on these 
productions, hurtful to man. A mass of luxuriant 
vegetation is a perfect barrier to all these poisonous pro- 
ductions. It sifts the air, letting only the pure pass. If 
there are millions of tubes, from which issue the worn- 
out materials from the animal body, there are as many 
millions of mouths on the leaves of vegetables standing 
open to drink it in. 

Nature surrounds our stagnant swamps with a luxu- 
riant growth of vines and hanging moss, to protect the 

miasm exist at the same time and in the fmiuo place? Has it been col- 
lected? By whom? Wliat common property had it? What did Savi 
call it ? When does it take effect ? What precautions should be taken ? 
(2 165.) What operations does nature put at work to cleanse the air? 
How is it with swamps ? 
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inhabitants from the pestiferous exhalations ; but we cut 
down this screen that Nature had planted, and she sends 
forth disease, shaking us with chills, to warn us against 
similar violations of her laws. If we must cultivate 
swamps, let us leave the protection, against evil, raised 
around their borders. 

(§ 166.) Compounds ofnitrogen and oxygen. There 
are five compounds of N and 0, forming one of the most 
complete series of elementary combinations to be found. 

By volume. 
N. 0. Eq. N. 0. 

Protoxide of nitrogen, NO = 14 + 8 = 22 1 + J 
Binoxide of nitrogen, NO2 = 14 + 16 = 30 |-f | 
Nitrous acid, NO3 -- 14 + 24 = 38 1 + 1 J 

Hyponitric acid, NO4 == 14 + 32 = 46 J + 1 

Nitric acid, NO5 = 14 + 40 = 54 J + 1 J 

1 + 2J 

Protoxide of Nitrogen. Sym. NO. Laughing gas. 

(§ 167.) This gas is readily prepared by heating the 
crystals of nitrate of ammonia in a retort, so arranged 
as to receive the gas over water. The chemical reaction 
that ensues will be readily understood by the following 
formula : N0.„NH3 expresses the equivalents of nitrate 
of ammonia, 3H0 + 2N0 shows the result of the decom- 
position, namely, the 3 atoms of the hydrogen in the 
ammonia took 3 of the 5 atoms of from the NO5, and 
left 2 atoms of to unite with the 2 atoms of N, one to 
one, forming two atoms of protoxide of nitrogen. 

(§ 168.) Properties. It is a colorless, inodorous gas, 
with a slightly sweetish taste. It supports combustion 
almost as well as oxygen, much better than common air; 
a singularity that oxygen in combination with its least 
quantity, should support combustion better than a mix- 
ture of oxygen, or than the higher degrees of oxidation. 

Iron wire burns in it. 

(§ 166. J How many compounds ofnitrogen and oxygen? 
(I 167.) How is the protoxide of nitrogen prc^^axtOil Qivq^ >^^ ^'sv- 
mula, and explain the process ? 
a 168.) Wb%t are the properties of NO \ Ro^ ^o >oo^\<i^>o>xrQ. Vq.\0. 
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A mixture of equal volumes of hydrogen and protox^ 
ide of nitrogen explodes by being lighted. 

Phosphorus burns with great brilliancy. 

Sulphur bums much more vividly than in air. 

Protoxide of nitrogen has been converted into a liquid 
and solid, by an apparatus constructed by M. Bianchi. 
It is a transparent, very mobile liquid, producing intense 
cold by evaporation ; freezing mercury, the sulphuric and 
nitric acids, and is said to have made alcohol assume a 
syrupy appearance. Attacks the skin, producing the 
effect of a deep burn. 

(§ 169.) Effects on animals. Sir Humphrey Davy 
breathed this gas, and found the effect of the most plea- 
surable kind. It is an anisthetic, as discovered by Dr. 
C. T. Wells, of Hartford, Con. The following is Sir H. 
Davy's account of it, in April 17, 1799, in the presence 
of Dr. Beddoes : — 

" Having previously closed my nostrils, and exhausted 
my lungs, 1 breathed 4 quarts of nitrous oxide from and 
into a silk bag. The iirst feelings were a slight giddi- 
ness of the head, accompanied by a loss of distinct sen- 
sation, a feeling analogous to the first stage of intoxica- 
tion; but in less than half a minute these diminished 
gradually, and were succeeded by sensations analogous 
to gentle pressure on all the muscles, attended by a highly 
pleasurable thrilling, particularly in the chest and ex- 
tremities. 

"The objects around me became dazzling, and my 
hearing more acute. Towards the last inspirations the 
thrilling increased, the sense of muscular pressure became 
greater, and at last an irresistible propensity to action 
was indulged in. I knew that my motions were various 
and violent." 

It created great interest at the time, and it was carried 
about by showmen under the name of laughing-gas. 

It is generally harmless; but fatal results have fol- 
lowed its administration. It should be given with great 
care. 

(§ 169.) What effect on animals ? Who discoTcrcd its anisthetic pro- 
perty ? What is Sir H. Davy's account ? 
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BixoxiDB OF Nitrogen. NO^. 

(J 170.) Preparation. This gas is prepared by the action ot* nitric 
acid on copper, mercury, or silver. The metal takes 3 of the 6 atoms 
of tlic oxygen in the NO5 and leaves 2 in combinatioi with the nitrogen. 
Thus expressed, NOs + 3Cu = SCuO + NO2. 

(J 171.) Properties. It is a colorless gas. In contact with air or 
oxygen it takes two atoms of oxygen, and is converted into hyponitrio' 
acid. It is not acid in its reaction. It supports combustion but feebly, 
in no degree like the protoxide, although it contains twice as much 
oxygen. A solution of the proto-salts of iron dissolves th?binoxide of 
nitrogen, and if the salts are green they are changed to brown. 

NiTEOus Acid. NO3. 

This acid cannot be isolated. It exists in combination forming the 
nitrites of potash and soda. 

Htponitric Acid. NO4. 

This gas is produced by passing the binoxide of nitrogen through a 
vessel supplied with air. It is also obtained by decomposing some of 
the nitrates, as the nitrate of lead, by heat, and receiving the product 
into a vessel surrounded by a freezing mixture. At ordinary tempera- 
tures it is an intensely reddish brown gas. It is a powerful oxidizing 
agent, corrodes the skin. Does not act like an acid. In presence of 
an alkali, it forms a nitrate and a nitrite. Water also decomposes it. 

Nitric Acid. NO5. Sp. gr. 1.05. 

(§ 172.) This is by far the most important compound 
of nitrogen and oxygen. 

Discovery. It was discovered by Eaymond Lully, in 
the 13th century, a chemist of Majorca, by distilling 
nitre with clay. Its constitution was determined by 
Cavendish, in 1784. It was called aqua fortis, or strong 
water, in allusion, probably, to its corrosive properties. 
It was called nitric acid by the French chemists in 1782, 
because it came from nitre, saltpetre. 

(§ 173.) Preparation. The elements may be made to 
combine bv the electric spark, when water and a base are 
present, which is always the case in the air, where elec- 
trical discharges take place, water and ammonia being 

How is the binoxide of it prepared ? 
What are its properties ? 
a 172.) What is the most important compound of N and 0? When 
and by whom discovered? Wlio determined its constitudoxv'. '^V'^\. 
was it called ? 

(§ 173.) When and how may tlie elements "be ma-de Vo cotc^w\^^ Vl^^ 
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present. It is formed spontaneously in the soil, and where 
animal substances are decaying. In commerce, it -is pre- 
pared by heating equal portions of nitre and sulphuric 
acid in a retort. The potash simply changes acjds, ex- 
cluding nitric, and combining with the sulphuric ; but it 
takes two equivalents of the sulphuric acid, expressed by 
the formula 2SO3KO + HO, so that if 1 equivalent of 
SO3 only is employed, only half of the nitre will be de- 
composed. It is necessary, then, to employ 2 equiva- 
lents of SOj. The symbol for nitrate of potash is 
KO,NO„ equal the equivalent 48 + 54 = 102. The sym- 
bol of sulphuric acid is SO3HO = 49, which, doubled, 
gives 98 the equivalent of 2 atoms of sulphuric acid, 
which is nearly the weight of nitre, so that we use equal 
quantities, so as to get at least 2 equivalents of SO3HO. 
Red fumes of hyponitric acid always accompany the pro- 
duction of NO5. Nitric acid cannot exist without an 
atom of water, and the SO3 takes this water from some 
of the nitric acid, and it immediately loses an atom of 
oxygon, and is converted into hyponitric acid. 

(§ 174.) Impurities. Nitric acid, when produced in 
commerce, usually contains muriatic and sulphuric acids, 
the former from the decomposition of some muriates 
tliat may be contained in the nitre, the latter distils 
over in small quantities. Solutions of baryta and nitrate 
of silver remove these. 

The nitrate of soda is now used instead of nitrate of 
potash, 1st, because it is cheaper, and, 2d, because, for 
the same weight it yields more NO5, its equivalent being 
less than that of nitre. 

(§175) Properties. Pure nitric acid is a colorless 
liquid, having a pungent odor; excessively corrosive, 
turning the skin yellow, and converting the cuticle into 
a kind of parchment. Boils at 187°. Freezes at — 65. 
Solar light decomposes the pure acid, liberating oxygen. 



is it commonly prepared ? How many equivalents of SOj must be used ? 
What is necessary to the existence of NO5? 

(§ 174.) What does the NO5 of commerce usually contain ? What salt 
is moro commonly used to make NO5 ? Why ? 

(J 17-5 ) What are the properties of pure NO5? 
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a.xirl producing a yellow color by hyponitric .acid. It acts 
on combustible bodies, sulphur, phosphorus, and carbon, 
producing acids of the highest degree of oxidation. With 
oarbon it forms also a substance called artificial tannin. 
Inflames spirits of turpentine. It attacks all the common 
metals, except gold and platina, when properly diluted, 
and at a proper temperature. Pure nitric acid will not 
attack iron or copper, mercury, bismuth, or tin. 

(§ 176.) Most of the metals form nitrates by this 
action; but tin and antimony form acids, stannic and 
antimonic acids. 

Iron presents a curious relation to NO5. Placed in 
concentrated acid it is not attacked, but in a diluted acid 
it is acted on with great energy. But if it is first put 
in the concentrated acid, and then into the diluted acid, 
r>o action ensues. This is called the passive state of 
iron. 

If it is lowered down into the acid in contact with a 
piece of platina, no action ensues. If touched with cop- 
per or silver it immediately becomes attacked by the 
acid. 

(§ 176.) Uses. It is of universal use in tlie labora- 
tory. In the arts it is extensively employed. In etching 
on the metals. In the electric telegraph. In printing 
yellow on woollens or drugget, table and piano-covers. 

In combination with vegetable fibre it forms gun-cot- 
ton. It enters into medicine as a tonic and antiseptic. 

Pure nitric acid is a powerful poison. Magnesia is the 
best antidote. In place of it a solution of soap would 
answer a valuable purpose, with mucilaginous drinks. 
Used often for cleaning metals. Wood' is stained with it. 
Indigo is rendered odorless by NO5, and boiling. 

The source of nitre, from which nitric acid was for- 
merly made, is the soil in which the nitric acid is formed 
spontaneously. 

Aqua regia is 1 of NO5 and 2 of HCl, used in dissolv- 
ing gold and platina. The nitric acid takes the hydrogen 



What of its action on tin and antimony ? What of its relation to iron ? 
(J 176.) What of its uses? What is aqua regia? Ho^y does it dift- 
Bolye gold and platina ? 
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from the muriatic acid, and liberates the chlorine, which -^ 
will dissolve the gold or platina in the nascent state. 

COMPOUXDS OF NITROGEN AND HYDROGEN. 

Ammonia NH3. Volatile Alkali. Hartshorn. 
Spirits of Hartshorn. 

(§ 177.) History. Ammonia has been long knowD 
The alchemists were acquainted with it, and they gave 
it the name it still bears. Berthollet discovered its real 
composition. Ammonia is formed spontaneously in miany 
common operations. When iron rusts, which is occa- 
sioned by the decomposition of water, the liberated 
hydrogen, in its nascent state, will unite with the nitro- 
gen that may be present, forming ammonia*. When ani- 
mal matters are subjected to nearly red-heat, in close 
vessels, ammonia is formed. The distillation of bitu- 
minous coal, for gas, yields large quantities of ammo- 
nia; originating no doubt from the nitrogen in the 
coal. So it is found in great abundance in the putrefac- 
tion of animal bodies, in the heated fermentation of 
manures, and in the spontaneous decay of materials in 
the soil. The ammonia produced in these spontaneous 
operations is food for vegetation, it being one of the most 
powerful fertilizers. The principle of its production in 
these cases is the same as given in the rustings of iron. 
Ammonia being a powerful alkali, it is always found in 
combination with some acid ; if with no stronger one, it 
is with carbonic acid, which is always present in the air. 
It is this carbonate of ammonia that gives the pungency 
to the putrefying animal carcass. 

(§ 178.) Properties. Ammonia is a colorless gas, with 
a pungent taste and odor. It is a powerful vesicant, 
raising a blister almost instantly, if pure. 

Aqua ammonia is watet saturated with ammoniacal gas. 

(5 177.) What compound of N and H ? What common names? Has 
ammonia been long known ? How is it found ? How is it always found 
combined ? 

(J 178.) What are the properties of ammonia? What is aqua am« 
moma ? 
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Cold water will absorb 500 times its volume of the gas. 
The water is contained in "Wolf's bottles, as exhibited in 
the figure. Spirits of hartshorn is common spirits, satu- 
rated by the same gas. 

(§ 179.) Preparation. Ammonia is prepared by grind- 
ing sal ammoniac, and mixing it with equal parts of dry 
quick-lime. The following reaction takes place: the 
muriatic acid unites with the lime, forming the muriate 
of lime, and the ammonia escapes. Am. ClII + HO =^ 
CaOHCl + Am. 

(§ 180.) Uses. Ammonia is often used in medicine as 
an antacid and stimulant, and a restorative in faintings. 
A few drops, administered in water, is said to destroy the 
effects of intoxication. Asphyxia from CO2 is relieved 
by ammonia, if soon applied. The effects of gaseous 
chlorine are prevented if ammonia is breathed at once. 
False pearls are made by dissolving the scales of fishes 
in ammonia, and lining small glass globules with the 
varnish, which soon becomes hard by the evaporation of 
the ammonia, leaving a brilliant pearly coating. It is 
largely employed in extracting coloring matters. It is 
one of the most important agents in the laboratory. 



What is spirits of hartshorn ? 

(g 179.) How is ammonia pTeipt\.T(iOLl 

(§ 180.) What are the uses oi ^W^l 



118 NITJROGEN. 

(§ 181.) Nature of ammonia. The true nature of am- 
monia has claimed much attention of the chemist. It is a 
well-established fact that NH4 acts as a metal called Am- 
monium, although this compound has never been isolated. 
On this hypothesis muriate of ammonia, which we ex- 
press by the formula NHs^ClH, ought to be expressed by 
NH4CI; that is, it is the chloride of ammonium, NH4. 
acting just like sodium. NaCl is chloride of sodium, 
common salt, so NH^Cl is chloride of ammonium. We 
have in this case a compound body, acting like an ele- 
mentary body, and we shall find hereafter many such. 

The following experiment is difficult to explain on any 
other hypothesis than admitting the existence of the metal 
ammonium. Take 5 grs. of sodium and 800 grs. of mer- 
cury, and place them together in a convenient vessel, and 
they will readily combine, forming an amalgam of so- 
dium ; now pour upon this amalgam a concentrated solu- 
tion of sal ammoniac, and the mass will soon begin to 
swell up, still, however, retaining its metallic lustre, and 
the sal ammoniac solution will become salt water. Sup- 
posing the sal ammoniac to be the chloride of ammo- 
nium, the explanation is easy. HgNa + CINH4 + HO 
= NH^Hg + NaOClH, or in words, an amalgam of 
mercury and chlorohydrate of soda (salt water). 

Compound of Culouine and Nitrogen. NCI4. 

(2 182.) This compound is most safely prepared by placing a jar of 
chlorine over a dilute solution of sal ammoniac in a leaden vessel, at a 
temperature of 80°. 

The reaction is thus explained, NH4CI -f 7C1 = NCI4 + 4HC1 ; as the 
gas is slowly absorbed, an oily liquid is formed, which falls to the bot- 
tom, as it accumulates, in drops. Chloride of nitrogen NCU is an oily 
liquid with a pungent odor, exploding with the greatest violence, when 
brought in contact with combustible bodies, or submitted to the slightest 
stroke. It has produced many disastrous effects in experimenting on it. 

The discoverer, Dulong, lost an eye and several fingers by it. It has 
proved equally disastrous to some others. It will tear in pieces the 
strongest vessels of wood, glass, or iron, but will merely indent lead. 

(2 181.) What is said of the nature of ammonia? How illustrated? 
What experiment given ? How explained ? 

(g 182.) What compound of CI and N? How prepared? Pro- 
perties? 
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CoMPOUHD OF Iodine and Nitrogen. NHIj. 

(2 183.) Nitrogen \7iU indirectly combine with iodine, producing » 
dark solid, detonating with great ^Tiolence, by a slight elcTation of tem- 
perature, or by the slightest blow of a hammer. 

It is prepared by triturating iodine with aqua ammonia for a few 
minutes ; and throwing the resulting compound on to a filter, and wash- 
ing it with water, with a small quantity of ammonia in it. Dry it on 
the filter. It should be made only in minute quantities, and only lor 
the occasion. It should not be stored up. The most recent inTc«;ti Ra- 
tions make the formula, NHI2, that is, ammonia with 2 atoms of II 
replaced by 2 atoms of iodine. 

Compound of Carbon and Nitrogen. 
Cyanogen^ NCa = Gy, from the Greek, kuanosy blue. 

(2 184.) Cyanogen is one of the most interesting and instructive che- 
mical compounds. It comports itself like an elementary body in all its 
relations to other bodies. It was the first of that class, called organic 
radicals, discoyered. Its relations are similar to those of chlorine. It 
unites with the metals, forming cyanides, as chlorine does to form the 
chlorides; it unites with hydrogen, forming an hydracid, cyanhydric 
acid HCy ; prussic acid, as chlorine docs, forming chlorohydric acid 
HCl, muriatic acid. 

When ammonia, NHj, is passed over red-hot carbon, in a tube, 2 
atoms of a part of the ammonia are replaced by 2 atoms of carbon, 
forming the compound expressed by NC^H, which ia cyanhydric acid, 
prussic acid, which unites with an atom of unchanged ammonia, form- 
ing the cyanhydrate of ammonia, NCall.NHs. The change may be thus 
expressed : 2NII3 + 20 = NC2H,NH8 + 2H. 

By subjecting this cyanhydrate of ammonia to the action of the red 
oxide of mercury, the metallic mercury takes the place of the H in the 
CyH, and the ammonia escapes, and the cyanide of mercury is formed. 

By heating the cyanide of mercury in a test-tube, with a narrow tube 
attached to it, we may obtain the cyanogen, and collect it ovei: mercury, 
or we may burn it as it issues from the tube. 

Properties. It is a colorless gas, of a strong and penetrating odor, 
resembling peach blossoms or bitter almonds. It is inflammable, and 
burns with a beautiful purplish flame. 

Cyanogen and Hydrogen, CyH, Cyanhydric Acid, Prussic Acid. 

(§ 186.) This is an exactly analogous compound to chlorohydric acid, 
being a union of 1 volume of cyanogen to 1 of hydrogen. 
(J 186.) Discovery* It is supposed to have been known to the 

{Z 183.) What compound of N and I? How prepared? Properties? 

(§ 184.) What compound of carbon and nitrogen ? "What interest has 
cyanogen? What element does it resemble? What experiment given ? 
How explained ? How is cyanide of mercury made ? How is cyanogen 
made from this ? What properties ? 

{I 185.) What is the name of the compound of Cy and H? What 
common name ? Analogous to what ? 

(J 186.) Who discovered it? 
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ancients, and used by priests to destroy those likely to reveal tlieir 
secrets. 

(J 187.) Properties. It is a colorless, mobile liquid, lighter than 
water. Soluble in water, alcohol, and ether. Its odor is similar to 
cyanogen. Exceedingly poisonous, a single drop killing instantly. 

( § 188.) Preparation. It is produced by the action of chlorohydric 
acid on the cyanide of mercury, or by the passage of sulphuretted hydro- 
gen over cyanide of mercury moderately heated. It is received in cooled 
receivers, and stored in black bottles or kept in the dark, as the light 
acts upon it. It should be made with great care, from its excessively 
poisonous character. 

Oxygen forms isomeric compounds with cyanogen. Cyanic acid is 
CyOIlO; cyanuric acid is CysOaSHO. 

Chlorine also forms three isomeric compounds with cyanogen, one 
is gaseous, one liquid, the other solid. The compounds of iodine and 
bromine with cyanogen possess no interest. 



SULPHUR. 

Sym. S. Eq. 16. Sp. gr. solid, 1.98 ; vapor, 6.654. 

(§ 189.) Sulphur has been known from the remotest 
antiquity. 

It is mentioned in the oldest books of the Bible. It is 
extensively diffused in every kingdom of nature. It has 
many striking relations to oxygen in its chemical com- 
binations, forming with most bodies similar combina- 
tions to those of that element. 

(§ 100.) Properties. It is a yellow solid at ordinary 
temperature, inodorous, tasteless, brittle, bad conductor 
of heat and electricity. Crackles in the warm hand, 
resulting from its bad conducting property, and its brit- 
tleness. It readily crystallizes either from its solution 

or by fusion. Sulphuret of carbon readily dissolves sul 

phur, and by evaporation yields beautiful yellow trans 

parent octohedral crystals. If a mass of sulphur i^^ 
melted in a crucible, and allowed to cool, a crust i^ss 

ij 187.) What arc the properties? 
I 188.) How prepared? 
I 189.) How long has sulphur been known? 
I 190.) What are its properties? What dissolves it? What doeB ^* 
yield by evaporation ? How else may it be crystallized ? 
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formed on tte surface, and then tins crust broken, and 
the fluid contents turned out, we find the cavity filled 
with needle-like crystals of prismatic form, very diflfer- 
ent from the preceding ; hence sulphur is dimorphous, 

Octohedral sulphur is soluble in the sulphuret of car 
bon ; the amorphous sulphur is not. The octohedral is 
called electro-negative, the amorphous electro-positive. 
The former uniting with electro-positive bodies, as hydro- 
gen, carbon, &c. ; the latter with electro-negative bodies, 
as oxygen, chlorine, &c. 

(§ 191.) Sulphur in relation to heat. Sulphur pos- 
sesses some curious properties in relation to heat. If 
heat be gradually applied, sulphur melts at 226°, and is 
a clear fluid, of a light straw color ; at 280° it grows 
darker, at 300° it is a deep yellow ; at 374° it is of an 
orange tint, and begins to grow viscid ; at 500° it is a 
dull brown, and is so thick that the vessel may be in-_ 
'verted, and the sulphur will not run out; above this tem- 
perature it becomes fluid again; at 600° it volatilizes in 
a deep red vapor of great density. If at this tempera- 
ture it is poured into cold water, it becomes a soft, elastic 
mass that may be drawn out into threads, or fashioned 
into any form. In this state it is used in copying coins 
or medallions, and is used in taking impressions of any 
objects desired. 

(§ 192.) Solubility of sulphur. Sulphur is insoluble in water; the 
yapor is soluble in the vapor of alcohol, it is soluble in the volatile oils 
to some extent, and in boiling ether, but sulphuret of carbon is its true 
solvent. 

(§ 193.) Sulphur occurs in common under two iorms, flowers of sul- 
phur, which is obtained by the sublimation of sulphur, and roll brim- 
stone^ which is formed by casting melted sulphur in cylindrical moulds. 

Our sulphur comes mostly from Sicily, where it is found in volcanic 
earths, called solfaterras. 

It may be produced from the sulphate of lime, which contains 18 per 
cent, of sulphur, or better from sulphuret of iron, which contains 50 
per cent. 

(§ 194.) Uses of sulphur. The most extensive use 

(2 191.) What relations to heat? 
(§ 192.) In what is it soluble? 

(I 193.) What two forms of sulphur? Where does our sulphur come 
from ? From what materials may it be produced ? 
(J 194.) What are soire of the uses of sulpliUTt 
6 
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SULPHUE, 



' sulphur is that of forming gunpowder j of which it coe* 
'Btitntes 12.5 per cent It is largely emplojed now ia 
making matches. In the production of sulphunc and sul- 
pkurouB acids. In making vukamzed India rubber f bj 
whioh the properties of Indi.a lubber may be greatly 
varied, and adapted to a great variety of purposes. For 
whitening straws^ silks, and animal substances, by ex- 
posing them to the fumes of burning sulphur. 

Flowers of sulphur sprinkled on diseased vegetables 
will destroy the animal or fungous plant, that causes the 
disease. In cutaneous diseases sulphur is in many cases 
iisefnh Iron turnings, sal ammoniac, and sulphur, make 
a powerful cement for the joinings of iron in jitean> 
engines* 

SULPHUB iJ^D OXYGEN, 

(§ 195,) There are no less than 7 compounds of sul- 
phur and oxygen, but we shall notice only 2. 



SuJjihitrom Acid. Sym, SO^. 

(§ 196,) This substance is prepared in three ways: 
1st. By burning sulphur, 2d, By taking an atom of 
oxygen from sulphuric acid, by the agency of charcoal, 
or a metal and heat, Sd, By heating sulphur and per- 
oxide of manganese in a retort. The latter is the most 
convenient method when wanted free from air. 

When sulphur is burned in the open air^ or in oxygen 
gas, sulphurous acid is produced* 

(I 197.) Properties, Sulphurous acid is a colorless 
gas, with a sour taste and pungent odor, being that of a 
ourning match. Largely absorbed by water. Test-papera 
are reddened by the action of this acid^ and then bleached. 
It is readily condensed into a liquid^ requiring only about 
two atmospheres at GO*^, This liquid is higlily volatile, 
and produces intense cold by its evaporation, ilereury is 
readily frozen^ and water is frozen in a red-hot crucible. 

It extinguishes combustion, and sulphur is often thrown 



(J 195.J How Tannj compoutids of BQlphar aod oxjgoa! 

'I 196.) What TTnys for preparing SOa? 

J 107*) Wh^t 4fp tho prop«rtiei of SOjT Haw jwed to exilnguiib 
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on the fire, wlien a chimney is burning out, U extinguish 
the burning soot. This it does by consuming the oxygen 
that would otherwise pass into the chimney, and also by 
excluding the oxygen by its own presence, as CO^ would 

do. 

It is employed in bleaching straw, sponges, woollens, 
and silks ; but the coloring-matter is not destroyed, but 
merely rendered colorless, which an alkali will restore. 
The method usually adopted for bleaching is to suspend 
the articles to be bleached, moistened, in a close cask, or 
small room, and burn sulphur beneath them. 

It is used by milliners in this manner. It restores the 
lustre of black silks, that have become dingy by age. 

Sulphurous acid is also employed in arresting fermenta 
tion, or in preventing the conversion of alcohol into 
vinegar, when the fermentation is completed. By burn- 
ing strips of linen cloth, dipped in melted sulphur, in 
the vessels in which wine or cider is placed, prevents it 
from becoming sour. The sulphite of lime is employed 
in the manufacture of sugar, to prevent the action of the 
air in changing the syrup. The sulphite of zinc is used 
in injecting the veins of dead subjects, to prevent putre- 
faction, when they are preserved for anatomical or sur- 
gical operations. 

Sulphuric Acid, SO3. Oil of Vitriol. 

(§ 198.) This is the most important agent in the labo 
ratory. It is the great instrument by which the chemist 
obtains his other most important materials. 

(§ 199.) History. Sulphuric acid was discovered by 
Basil Valentine, at the close of the 15th century, or about 
the time of the discovery of America by Columbus. It 
is supposed by some, that it was known much anterior 
to this time. 

It was called oil of vitriol because it was obtained, at 
first, by the distillation of green vitriol, and from its 
oily consistence. 

combustion? How used in bleaching? Ts the coloring -matter de- 
stroyed? How in preventing fermentation? 

(§ 198.) y^hat of the importHnce of SO,? 

^/ J99.J V.hen nad by whom JiHcovered ? \V\\y civW^d oW ot V\It\cW 
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{§ 200.) Forma of SO3. Sulphuric acid exists, as a 
solid, in an aiihyilroiis state. There are thraj definite com- 
pounds of it with water, forming 3 distinct hydrates. 

By distLllirig dry sulphate of iron, the anhydrous and 
monohydrated acid are produced^ and by redistilling this, 
the anhydrous acid being nioch more volatile, passes 
QTeT first, and is condensed in a cold receiver. 

The add obtained by distillini^ green vitriol is called 
Nortihausenj ov fuming sulphuric acid, which 13, as above 
indicated, the monohydrated acid, with the anhydrous 
acid dissolved in it. The vapors that arise from this acid 
are the anhydrous acid, rising and uniting with the water 
in the air, forming the white fumes, The Nbrdhausen acid 
is used in dissolving indigo. 

Common ^ulphu7*ia Acid. SO^HO. 

(§ 201.) This acid is prepared in large quantities by 

burning sulphur, 
and bringing the 
sulphurous acid 
produced into a 

. . ^ close chamber con- 

■^ -^ * tainin^ nitric acid 

a Ynrns^ for homlnpf BulpTiur. ^ j ^, 

bb Ctuimbers ItiWi which the Bulpburans fluid pa,''w«. anCl WatCTy VapOr. 

€ Furiiiict prod Qcinfi steani to p W9S I n t« i hu cla unibcri. rp% c. e n Artr* j 1 1 f i ^ ^ ^ 

The iirTBDjrt?fnf^nt for procuflog the nitrid ttdd Ib Tiot J- Al^tiC tvULltULlUIia 

nh [bited In Ihe Uj^n. jj^^j ^ Q f ulfi 1 led by 

grinding together 1 part of nitre and 10 parts of sul< 
phur, and burning the mixture under u jar placed over 
water, contained in a plate, or any shallow vessel. Sul- 
phuric acid will be produced, as may he shown by the 
appropriate test. 

(§ 202.) Explanation. The nitric acid acts in this 
case by affording oxygen to tlie sulphurous acid produced 
by the burning of the sulphur, and converting it into 
sul|>liuric acid. The action is easily understood by the 
following formula: first;, the sulphurous acid anil the 
nitric acid arc expressed by the formula SO^ + NO^i, 




il 2<M\) Wimt U its anlijilrous slate? Wliat Is NordUausen ftoidt 
For what is if iiae'l I 
fi 20K} Odw is t'ouimon BOaltO prod 110 ed ? 
^:^O^\J0iiW fjfjihiH^ed? How ^\\u'caatd Vvy vXy* tQVtoAAtk.'* V\^n 
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Trhicli become by contact SO3 + NO4, which is sulphuric 
acid and hyponitric acid. In the presence of water, 
vapor, or steam, the hyponitric acid acts upon itself, and 
forms 2 atoms of nitric acid and 1 of binoxide of nitro- 
gen, as expressed thus : 3NO4 = 2NO5 + NOj, that is, 3 
atoms of hyponitric acid makes 2 of nitric acid and 1 
of binoxide of nitrogen. The NO2, or binoxide of nitro- 
gen, then takes 2 atoms of oxygen from the air, and leaves 
NO4, or hyponitric acid, which then reacts upon itself, 
as before noticed in presence of steam. In this manner 
the hyponitric acid acts as a carrier of oxygen from the 
air, by the agency of binoxide, to the sulphurous acid, 
the nitric acid formed by the NO4 converting it into sul- 
phuric acid. These various steps may be verified by 
interesting experiments. 1st. Direct a current of sul})hur- 
ous acid into nitric acid, and hyponitric and sulphuric 
acid are formed. This shows the action of sulphurous 
acid on nitric. 2d. Pass some bubbles of hyponitric acid 
into a receiver, filled with water, and we get bubbles of 
binoxide of nitrogen, as a gas, and nitric acid in the 
water; both of which are easily tested. Afew bubbles 
of air will give the characteristic test of the binoxide, 
that of red fumes of hyponitric acid, which completes the 
proof of the action pointed out. 

The reaction may be further illustrated by filling a 
bottle with sulphurous acid, and then immersing 
a stick dipped in nitric acid into it, and red 
fumes of hyponitric acid will be produced. 

(§ 203.) Sulphuric acid is made in immense 
quantities by burning sulphur, and conducting j 
the gas produced into a series of chambers lined 
with lead. Steam is made to enter the cham- 
bers in various places, so as to afford the wa- 
tery vapor in great abundance. The first chamber has 
horizontal plates of lead, over which flows nitric acid very 
much diluted, and mingled with other nitrous compounds 
formed in the process of making the sulphuric acid. It 

does NO^act? What takes the from the air? How is this action 
proved ? 
(2 203.) How is SOs made in large quantities 1 
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is not material what compound of nitrogen and oxygen is 
introduced into the chambers, provided there is an abun- 
dance of watery vapor and air present. 

The acid thus formed is dissolved in the water pro- 
duced by the steam, and is drawn off from the chambers 
in a very diluted form. It is first evaporated in shallow 
leaden vessels as far as possible, and then in platina re- 
torts to the condition of monohydrated sulphuric acid, 
SO3HO. 

(§ 204.) Properties. Sulphuric acid is a dense, color- 
less, oily liquid, having a density of 1.848. It boils at 
617°. It forms no vapor at ordinary temperature, even 
in a vacuum, which is readily shown by placing a vessel 
of SO3 and a solution of muriate of baryta side by side, 
under a receiver of an air-pump, and exhausting the air. 
No change occurs in the baryta, which would occur by 
the minutest quantity of SO3. It has a powerful affinity 
for water, producing much heat by combination, 3 of 
acid to 1 of water raises the temperature to more than 
300°. With snow or ice it may produce either heat or 
cold, depending on the relative quantities. If the acid 
predominates, heat is produced. If the ice is in large 
quantity, much cold is produced. 

(§ 205.) Uses. To give the uses of sulphuric acid 
would require a vohime, instead of a paragraph. It is 
used in preparing almost all the othey acids, in organic 
chemistry as well as inorganic, in obtaining hydrogen, 
chlorine, carbonic acid gas, in the manufacture of stearine 
candles and phosphorus. It is used in immense quanti- 
ties in galvanic operations, in charging the batteries for 
telegraphic operations. In bleaching operations it is 
largely employed. In cleansing iron for tinning or gal- 
vanizing with zinc. In the manufacture of grape sugar 
from starch, and in producing gun-cotton. It is one of 
the best deodorizers on a large scale, saving the ammo- 
nia for fertilizing. From its affinity for water it is often 
used for drying gases. 

In small quantities, greatly diluted, SO3 is often used 

(2 204.) What are the properties of SOsHO? 
(I 205.) What are the uses of SOsHO? 
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in medicine. It is a pure acid containing no flavor, but 
simple sourness, and is used in the manufacture of 
acidulated drinks. In debilitation it promotes appetite, 
diminishes fever, allays thirst, checks profuse sweating, 
and often lowers the pulse, but of course is never to 
be employed but in the prescription of a physician. 
In a concentrated form, SO3 acts as a virulent poison. 
Chalk or magnesia would be the most appropriate anti- 
dote. 

(§ 206.) It chars organic substances by its great affi- 
nity for water, taking away the water and leaving a black 
mass of carbonaceous matter. 

(§ 207.) Tests. Muriate or nitrate of baryta, is an 
excellent test for the presence of sulphuric acid. The 
minutest quantity of acid gives a white precipitate in a 
solution of a baryta salt. 

(§ 208.) Occurrence. Sulphuric acid sometimes oc- 
curs free in nature. The Rio Vinagre (Vinegar River) 
in Colombia, S. A., is sour from the presence of free 
sulphuric acid. There is a river in Java acid from 
the same cause. The soil in some parts of Russia con- 
tains free SO3, so that it is obtained by lixiviating the 
soil. The sour spring of Byron, Genesee county, N. Y., 
contains free SO3. In combination there are numerous 
sulphates, forming, in some instances, mountain masses. 

COMPOUND OF SULPHUR AND HYDROGEN. 

Sydrosulphuric Acid, Sulpliydric Acidy HS. 

(§ 209.) Sulphuretted hydrogen. This gas has been 
long known from its effects, as it is the noisome gas, that 
issues from filthy places in sewers and drains in large 
cities ; and its effects are seen on the blackened walls in 
its neighborhood of such places as are painted white with 
lead. This gas was first investigated by Scheele, in 1777, 
and its true nature pointed out. 

(J 206.) How does it char? 

(I 207.) What tests? 

(I 208.) Where does it occur? 

(I 209.) Bow has this acid been long "knonTi^ 
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(§ 210.) Preparation. It is readily prepared by the 
action of dilute SO3 on tlie protosulphicle of iron. The 
same reaction takes place as in tlie production of hydro- 
gen, but the sulphur being present the hydrogen in its 
nascent state unites with it, forming sulphuretted hydro- 
gen. The action of chlorohydric acid on the sulphuret 
of antimony produces the gas. The reaction is readily 
understood by the following equation : SbSg + 3C1H = 
SbCla 4- 3SH. 

(§ 211.) Properties. Sulphuretted hydrogen is a 
colorless gas, with a powerful, disgusting odor of rotten 
eggs. It is a very poisonous gas, causing death when 
breathed, although much diluted. It explodes with IJ 
times its volume of oxygen, forming water and sulphur- 
ous acid. Oxygen or the air slowly decomposes it at 
ordinary temperatures, the hydrogen being burned up 
and the sulphur deposited. If the oxygen is moist, and 
a porous body is present, sulphuric acid is formed. 
Hence, clothes are rotted on being exposed to the action 
of sulphur waters, at sulphur springs. Many of the 
metals decompose sulphuretted hydrogen at common 
temperatures. Silver does it, which explains the black- 
ening of silver spoons with which eggs have been eaten, 
the sulphur forming a thin coat of brown sulphide of 
silver. Water dissolves more than twice its volume of 
SH, which is a most useful reagent in the laboratory for 
the distinction of metals. It is slightly acid, giving to 
litmus a wine color, and not a decided red, as the stronger 
acids do. It burns with a blue flame, producing water 
and sulphurous acid. 

Chlorine is the most efficient agent for the destruction 
of sulphuretted hydrogen, when it is produced sponta- 
neously. 

(§ 212.) Tests. Salts of lead are the appropriate tests 
for SH. 

(5 210.) How is it prepared ? 

(I 211.) What are its properties? What eflFect has on it? Hoir 
does it affect clothing? How does it act on the metals? How much 
does water dissolve ? For what is it useftil ? How does it burn ? What 
destroys it ? 

(} 212.) What are the tests for it? 
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({ 213uH ChEmnmtmmd ««Iphw. Tl<r» ir« «4T«rjI ec=:T<acd« of 
CI knd S: ««« S/TL sitkI^- ?c.:. a&i t^di f:r=e-i It raj«:=r a curren: 
of chloriDe cxflr SM-jTipi «ilTi3r: zl» ec-sro*::; : a I#r*ni.7.j: ca th« 

is naed :» T^<Ar.=T:> r Izri* nc^er. 

(I 214. SiOfihvkadl M^ise wii: —::* Ij g-:> b-a:. »nd if in 
proportioa cf 11*3- cieciir*! '!'::iiTA!*:i: of 1 :■: ^ will fjrm * brown 
Uqaid. wLidi i^£i£es -ca oilinz. I: is u««-i in nieiiclne in eutmeous 
diseases. 

({215.1 Cr&zise di«*:>w nTj'-cr. f.misj an o:!y brownish rrf 
liquid: tat lie cL&r&ecer .;f ri* cczipicni if nc; well d^-iemiiEO-l. 

(I 21G. ; CukoB mmd salpkar. iV.- r m-. > i : f ? •: -" <• jr : n. TLis com 
pound hjLS rweniiT bwn discoTere-i, but possesses n^ ia:eres:, except 
that of its ccrrespvSLience to oxide of carbcn. 

BisnlpUde of carboa, CS;. Tbi3 cocir .and was discorcred by 
Lampadins. It i« ob^ned bv the direct aoiira 
of carbon with snjphiir. at a high heat. The best 
method of preparing it, is to fell the b>?v of an 
earthen retort half foil of powdered charcoal. 
and then hare an earthen tube cemented in:o the 
tubulore, and reach near the bottom of the retort. 
as represented in the figure. Then by hcAting 
this retort to bright redness, and attaching iis 
beak to a Leibig's condenser, and that to a re- 
ceirer. When thus all is ready, drop pieces of 
sulphur into the tube, corking it as soon as the 
piece is dropped in, the sulphur wiU unite with 
the heated carbon, and form bisulphide of car- 
bon, which will distil OTer, and condense in the 

receiTCr. .--_. a Thebody ofaretort fii:ed 

By dissomng 2o parts of sulphur and i o parts ^it^ fragmcnta of cLar 
of CSa forms a sensitive coating on paper for coal, 
taking photographs, which are brought out by ^ Ji^^J^^^jJ,';};* ^^^'°^ *°*** 
mercury, and fixed by a coat of varnii?h. c Tube into Vbirh ruipbur 

(J 217.) Properties- CSj is a colorless, mobile is paw^d when the retort 
liquid, with an exceedingly disagreeable odor ; ^ bcated. 
but slightly soluble in water, but soluble in alcohol and eiher. It is 
inflammable, burning with a blue flame, producing carbonic and sul- 
phurous acid. Dissolves India rubber, sulphur, and phosphorus, and, 
from its rapid evaporation, leaves these substances deposited on any 
material ; hence is used in electrotyping to deposit a film of phosphorus, 
by which a deposit of copper may be produced. 

f J 213. J What is said of the compounds of chlorine and sulphur? 
(I 214. J What of sulphur and iodine ? For what used ? 
(I 215.) What of sulphur and bromine ? 

(I 216.) By whom was bisulphide of carbon discovered? How ob- 
tained ? Explain the process ? 
(§ 217.) What are its properties? 
6* 
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SELENIUM. 

Se. 39.61. Sp. gr. 4.3. 

(J 218.) Discovery. Selenium was discovered by Berzelius, in 1B17. 
It is a red powder, or a dark brown mass. It is inflammable, and in 
its combinations resembles sulphur. Its compound with hydrogen is 
even more offensive than that of sulphur, and more poisonous. 



TELLURIUM. 
Te. Eq. 64. 

(2 219.) Klaproth first pointed out the properties of Tellurium. It 
is a white solid, and often classed with the metals. Burns with a blue 
flame, producing a peculiar odor. It unites with hydrogen, forming a 
compound corresponding to sulphydric acid. 



PHOSPHORUS. 

Sym. P. Eq. 82. Sp. gr. 1.863. 

(§ 220.) Discovery. Phosphorus was discovered by 
Brandt, of Hamburg, 1677. He offered the recipe for its 
production to Kunckel, a German, but sold it to Kroft. 
Kunckel, however, discovered a process for its produc- 
tion himself. Boyle also discovered the process of its 
formation. These processes were all kept secret till 
1737, when the secret was purchased by the French gov- 
ernment. It was only made in minute quantities, till 
Scheele and Ghan demonstrated that bones consisted of 
phosphate of lime. It was, in the public estimation, a 
most wonderful substance, and many of the most aston- 
ishing achievements of magic of those times were due to 
the siDgular properties of phosphorus. 

(i 218.) What is said of selenium ? 

(^ 219.) What of tellurium? 

(i 22X) What is the histoxy of p\iosp\iOT\k%^ 
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(§ 221.) Properties. Phosphorus is a soft, transpa- 
rent solid, insipid, having an alliaceous odor. Readily 
inflamed by friction. It is sometimes colorless, at others 
amber-colored, red, or nearly black. Insoluble in water, 
soluble in ether and the volatile and fixed oils, and sul- 
phuret of carbon. Light changes its color, hence, should 
be kept in dark bottles. Oxygen acts upon it, at ordi- 
nary temperatures, forming white fumes of phosphorous 
acid. If the oxygen is pure, no light is emitted ; but if 
any other neutral gas be passed up, light is given tut;. 
or if the oxygen be partly exhausted, so as to make a 
partial vacuum, the same effect is produced. 

Phosphorus is capable of assuming two forms, known 
by the names of white phosphorus and red or amorphous 
phosphorus. These are allotropic conditions of this ele- 
ment, and possess as distinct properties as though they 
were scarcely related. The white phosphorus possesses 
the properties above indicated. The red is in the form 
of reA. powder; insoluble in alcohol, ether, or sulphuret 
of carbon ; has no odor ; emits no vapor, can scarcely be 
set on fire by friction ; unaltered in the air ; is not poi- 
sonous in moderate doses. 

(§ 222.) Red phosphorus is largely employed in mak- 
ing matches, as it is not as combustible as common white 
phosphorus ; it is not easily lighted by friction. 

This is produced by heating common phosphorus from 
450 to 480®, in an atmosphere of CO2. It is allotropic 
or amorphous phosphorus. 

(§ 223.) Preparation. Phosphorus is prepared from 
bones. Bones consist of gelatine, carbonate of lime, and 
basic phosphate of lime. By heating the bones to red- 
ness the gelatine is all burned out. The bones are then 
reduced to powder, and mixed with enough water to 
make it liquid; then for every 3 parts of bones add 
gradually, with constant stirring, 2 parts of sulphuric 

H^^ft^l.) What are its properties ? How many forms of phosphorus? 
WhotVre the characters of red phosphorus ? 
(2 2^2.) For what is red phosphorus used ? How is it made t 
(i 223.) How are the bones prepared ? What are they then xnixedL 
with? 



acid. Filter the materials, after liaving been thoroughly 
digested, and we have the phosphate of lime in solu- 
tion. The following formula expresses the reaction: 
The bones and acid are CaOCO^ + SCaO.PO^ + 3SO3, 
which leave^s 3(CaOSO,) + CO, + CuOPO,. The suh 
phate of lime remaining a solid^ the phosphate dissolv- 
ing. The solution is evaporated, and mixed with carbon 
and heated to redness in a retortj with the beak under 
water. The carbon takes the oxygen from the phosphoric 
acid, and the phosphorus distils over and Oills in drops 
into the water. The melted phosphorus is drawn up into 
tubes, and when cold pushed out, and we have stick 
phosphorus. 

(§ 224.) Usee. Fhosphorvs is exlenstvelT/ used in the 
prejjaralioji of friction matches. It is also used in form- 
ing the materials used for kilhng rats and mice, and other 
animah-> that iuicst our houses. 

3tatchr<^. T]ie history of matches is bo recent that it requires oulj a 
moderate age to remember ivheTi this now tiPcesEarj article of every 
household hi\d no existeiiGe. Th& fiiut and at eel bore swaj down to 
within less than thirty ycai'H. In Germany and France, in 1S31, the 
manufucture of mattihea commenced. They then consisted of li compo* 
aition of chlorate of potash, auiphur. sulphuret of lead, and gum Arabic, 
and were inflamed by thrusting them into a vial of aulphuric awsid. 
They -wore incotivenieQt, the add soon eeaeed to aet from being Titiated 
by the contents of the Tnateh* and they soon ^ave way to a beWer 
arrangement. Then followed what were called the elecfric matche^^ in 
which the sulphuret of antimony replaced the sulphur^ and thuy w^re 
inflamed by friction ; but were dIOieult to in6ame, and often failed. 
The nest step in advanceniGnt was the rRplaeing the sulphur^ of anti- 
mony by phosphoTUBj forming lucifei' matches, an exceedingly combuB- 
iible and explosive aubstancCt and many serious accidents have occurred 
in course of their luanufaciure, and from masses inflaming in trans- 
portation. To lessen the danger, and retain a sufficient degree of com- 
bustibility, has been the problem to sohe. This has been essay ed in h 
great Tariety of ivayg. The use of red phosphorus instead of the white 
has come nearer than any otheJr dovlco, in accotnpUshing the desired 
end. T!ie n^^ of nitrata of potash instead of chlorate diminishea the 
dnnger. 

The tiifinufactUT© of matchea, from white phosphcras, has also eicerted 
a most dL'lelcrions effect on the workmen^ even on them that put them up, 
>3 well «s those who prepared the jioste or applied the sticks to it. It 
produced, rimong many distressing mnUidics, what has been calkd/fA^fl- 
photic mcroiiatf an affection of the jaw-bo lie. 



What is the reftclion 1 
ff 224.) Whnt we ihc UBe» of phosphorus? How tire match **b laad^ t 
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The sticks are prepared by machinery. They are put in bundles, 
and then dipped in melted sulphur, contained in a shallow vessel. Tiie 
inflammable materials are made into a semi-fluid paste, on a stone table, 
and the bundles of sulphured sticks are dipped into the paste ; they are 
then dried in an OTcn heated by steam, and are then ready for putting 
in packages for sale. 

Bat poison is made in the following manner: DissoWe in 100 parts of 
vater 60 parts of gum Arabic, and, when dissolved by heat, add 3 parts 
of phosphorus, having the temperature so that the phosphorus shall be 
melted, then stir it till cold, and then grind it in a mortar till a per- 
fectly homogeneous mass is formed. Spread this on a slice of bread, 
and place another slice on it, and leave it for the rats or mice. Sugar 
and butter may be added to the compound. This is the famous rat 
poison. 

If we write on the wall, in the dark, with a stick of phosphorus, it 
leaves a luminous streak, which gradually disappears. Put in a small 
bottle or flask a little salt and a small piece of phosphorus, and let it 
stand several days, shaking it frequently. This solution will be lumi- 
nous when exposed to the air. 

COMPOUNDS OF phosphohus and oxygen. 

(J 225.) There are three or more compounds of P and 0; but they 
demand but a passing notice. Phosphoric acid is produced by the 
rapid combustion of phosphorus, as phosphorous acid is by the slow 
combustion of the same material. 

If a piece of phosphorus be burned under a dry bell-glass, on a dry 
plate, the glass will be filled with dense white fumes, which will collect 
and fall in flakes like snow. This is phosphoric acid, and by sprinkling 
water on it flashes of light may be seen and a hissing noise be heard, 
which are caused by the great affinity this substance has for water. It 
is intensely acid. Its formula is PO5. It has three hydrates, bul 
possess no interest except to the chemist. 

Phosphorous Add, PCs ; Byphosphorous Add, PO. 

compounds of phosphorus and hydrogen. 

(J 226.) There are three compounds of phosphorus and hydrogen. 
PjH = solid phosphurettcd hydrogen. 
PH, = liquid " 

PH8 = gaseous " ** 

The last is the only one that demands much of our attention. 
Gengembre, in 1783, discovered this gas, which excited much interest 
on account of its spontaneous inflammability. 

It is easily prepared by filling a small retort with a strong alkaline 
solution of potash and lime, and dropping into the retort some pieces 
of phosphorus, then arrange the retort so that the teak is under water, 
and pass up the hydrogen to displace a part of the alkaline solution, 

How is the rat-poison made ? 
{Z 225.) How many compounds of P and ? 

(I 226.) How many compounds of P and E ? Ho^ \a "SH^^^^^^a^V^ 
What is the reaction f 
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iiliUfilliUD of tbephofpliaFettt4 b^druifcti. 



b BLogs of Tfepor, &om tlie ooc&li 



&nd wlien ft lamp is applied tljc gas cotn^a over^ and soon the bubbles 
iritl explode^ making beautiful rings of smoke if the air 13 atill. The 
reaction la tiius expressed— 

4P + 3K0 + 3H0 = SPOEO + PHj. 
The BponUneous in S am m ability of PHj is supposed to be owing to tlio 
presence in minute quan Cities of the other phoBpliurcttcd hydrogena* 
The pare gas irill not inflame epontaneously, but the binoxide of nitro* 
gen TTiU make it spontaneously inflammable, and vapor of ether or 
oils lylll^ destroy tliia property* It bears a close chemical relation to 
Emmonia. 

Will of the wispt ot^ Jiick olantern, is supposed to be occasioned by 
phospburotted hydrogen, arising from decaying bodiea. It is not easy 
to Bee how this gas is produced, under such circumstancDs, and afford a 
continuous flame* 

(J 227.) rJiaBpliorii& and chloTlne. These elements unite readily, 
and form two componndsj the kr chloride and pmta chloride, but they 
possess but Httle interest, 

(l 22B. ) Fhosphorns with iodine and bromine. Iodine and bro- 
mine unite wiih phosphorus, forming several compounds, but have uo 
applications that demand the student's attention* 

(J 229.) Phosphorus combines indirectly with nitroEen, but the pro- 
ducts poBseas no interest. It combines explosively with sulphur, and^ 
under modified condiiiona, seyeral sulphides of phosphorus may b© 
obtained, corrcapouding to those formed by oxygen with the same 
eloment* 




AESENia 

Sym. As. Eq* 76. Sp. gr. 5.8, 

(I 23D*) AnsxMO has usually been elnp'tr'd with the metftlfl, but its 
metallic proptrtiM arq very im perfect, Ui^ept in appearance. Its cho* 



How i» the Will ofth*i winp prothicpd? 

(I 230.) Where hm arienio uiiially bteii placed in eksatfioation t To 
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mical relt.tio]i8 place it most emphatically by the side of phosphorus 
and sulphur. 

(2 231.) Properties. It is of a steel gray color, possessing a metal- 
lic lustre. Tarnishes readily in the air. Is Tolatile at a dull red-heat, 
>)ut does not become fluid, the yapor being colorless, unless in contact 
-with the air, when it becomes white, and has an alliaceous odor. Density 
10.37. It bums readily, forming arsenous acid. The pure arsenic is 
said not to be poisonous ; but if exposed to the air, it becomes so, and 
is then sold in the shops as fly-powder, or cobalt powder. 

ABSENIC AND OXYGEN. 

(3 232.) There are two compounds of arsenic and oxygen — 
Arsenous acid, AsOs, 

Arsenic aeid, AsOs, corresponding to the phosphorous and phosphoric 
acids. 

Absenous Acid, AsOs, Arsenic, Ratsbane, White Oxide of Arsenic 

This compound is met with as a white powder, and is known by the 
eynonymes aboTC given. It is called for at the druggists by the simple 
name arsenic, and is so called in accounts given of its effects in poi- 
soning. 

({ 233.) Sources* It is obtained in large quantities, as an accidental 
product, in roasting the ores of metals that contain it. Nickel and 
cobalt ores are combinations of arsenic, sulphur, and the metals, forming 
arsenio-sulphurets of nickel and cobalt. By heating these ores, with 
free access of air, the sulphur and arsenic burn up, forming sulphurous 
and arsenous acids. The former, as a comparatively permanent gas, 
escapes entirely ; while the latter is condensed in a chimney fitted for 
the purpose. It is purified by sublimation, and assumes the form of a 
vitreous mass. By exposure it becomes opaque, or porcelain like, and 
the properties are greatly altered by this spontaneous change. The 
vitreous kind is heavier, three times more soluble, and dissolves more 
rapidly, gives the acid test, which the porcelain variety does not. It is 
the opaque variety that is in use, as powdering the vitreous form will 
change it to the porcelain form. 

({ 234.) Water dissolves but a small quantity of arsenic. A little 
chlorohydric acid increases the solvent powers of the water. 

Antiseptic properties. Arsenous acid is one of the most powerful anti- 
septics known, and is extensively used in the preservation of skins of 
animals. It is also one of the most powerful poisons, and is often used 
for criminal purposes. It being tasteless, it is more easily administered 
than any other poison, in soup, or coffee, or tea. 

{i 231. J What are the properties of arsenic ? 

(I 232.) What are the compounds of As and 0? What is arsenous 
acid usually called ? What is its appearance ? 

(J 233.) Whence is it obtained? How many kinds? How do they 
differ ? 

(J 234.) What of its solution? What of its antiseptic properties? 
Why easily administered as a poison ? 



l!^ 
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( ^ 235.) Detection of arsenic* To detect it becomes a matter of the 
highest interest in criminal trials. Space forbids our entering on the 
details of the processes of the chemist in these cases; but the principles 
of its detection aro readily given. 

Suppose we have a clear liquid, that we wish to test for the presence 
of arsenic. 

Ist. Evaporate a portion of i^ and if we get a heavy powder mingle it 
intimately with finely powdered charcoal, and put it into a clean tube, 
and apply heat. If arsenous acid is present the oxygen will unite with 
the carbon, and the pure arsenic will rise and condense on the sides of 
the tube, forming a ring of metal-liko brilliancy. 

2d. Pass a current of sulphuretted hydrogen through another portion, 
and if arsenous acid is present a distinctive yellow sulphuret of arsenic 
will be formed. Antimony would do the same, but the tints are very 
dififercnt ; the latter of an orange tint, the former of a lemon tint. 

3d. Arrange an apparatus for making and burning hydrogen, and 
when the hydrogen is burning, hold in front of the flame a clean cold 
plate, and if it produces no spot on the plate, all is right ; now put 
^ ^ some of the suspected liquid into the apparatus, and if 
PrQ arsenic is present the flame increases, becomes livid, and 

f?d ^ white fumes of arsenous acid are produced, and if the plate 

YIy be now applied, a bluish-black spot is produced upon it. 

This last is called Marsh's test, and should all these conspire 
there would be no doubt of the presence of arsenic. The 
tests can be multiplied and varied indefinitely. The che- 
mical reaction, that occurs in Marsh's test, is the same as 
what takes place in the production of sulphuretted and 
phosphurettcd hydrogen, in using the sulphuret of iron or 
phosphuret of calcium. It forms arseniuretted hydrogen. 
The sulphur, phosphorus, or arsenic, being present, the 
nascent hydrogen unites with them, each like either of the 
Mitucberlich's Others. Mitscherlich has modified Marsh's apparatus, by 
Apparatus arranging one like the hydrogen generator, with a piece of 
arMDic.^"^ P^*"® **°^ *^ ^® acted upon, and the suspected substance, 

with sulphuric acid, acts upon the zinc. 
{I 236.) Arseniuretted hydrogen, A sHs* The production of this 
substance has already been referred to under Tests for Arsenic, When 
made by the action of dilute sulphuric acid on zinc, with arsenic pre- 
sent, the gas always contains free hydrogen. 

Properties. It is a colorless heavy gas, with an offensive odor; 
slightly soluble in water ; burning with a livid flame, yielding arsenous 
acid and water. A cold body, as a glass rod or piece of porcelain, 
being put into the flame, the hydrogen only is burned, the arsenic being 
deposited on the cold body. This explains Marsh's test. It is poison- 
ous. Chlorine destroys it. 

Chloride of arsenic, AsCIs- This compound may be prepared by pass- 
ing dry chlorine over heated arsenic. It is a colorless liquid, of no 
special interest. 

(5 235.) Why of interest to detect it ? What is its first test? Second 
test? Third tost? 

li 286.^ What aro the properties of AsHs ? How is chloride of arsenio 
prepared f 
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(2 237.) Arsenic and sniphnr. There are fire compounds of sul- 
phur and arsenic, two of which are sometimes used as paints. 

Bisulphide of arsenic, As$2« Red orpimmt ; Jieutffur. It is found 
in nature. It may be prepared by melting 75 parts of metallic arsenic 
with 82 parts of sulphur. It is of a fine brownish red color, and is used 
in painting, and in making what is called Indian fire^ which consists of 
2 parts of realgar, 24 of nitre, and 7 of sulphur, burning with a bril- 
liant white light. It is a sulphur acid, forming salts with sulphur 
bases. 

Tersnlphide of arsenic, AsSs* King's yellow, yelloicorpiment. This 
compound of arsenic is also found in nature, crystallized in plates of a 
beautiful yellow color. It may be obtained by distilling arsenic with 
sulphur. It is a powerful sulphur acid. It is soluble in ammonia, and 
this solution is used in imprinting colors, the ammonia eyaporating, 
and leaving the color fixed. 



BORON. 
Sym. B. Eq. 10.9. 



(J 238.) DiscoTery* Boron was discovered, in 1808, by Gay Lussac 
and Th^nard, who decomposed boracic acid, producing boron and oxy- 
gen, by the agency of potassium. Davy decomposed it by the aid of 
galvanism, producing the same results. 

Properties. It is a greenish brown powder, tasteless and odorless, 
resembling powdered carbon. Burns in oxygen, producing boracic 
acid. 

Boron has been produced, by Wohlcr and Deville, in crystals, and in 
two other forms, showing it to possess, like carbon, three allotropic 
conditions. The crystals have a lustre and refractive power like the 
diamond, scratching the hardest bodies ; resists the action of oxygen; 
bums in chlorine, when heated, producing the chloride of boron ; re- 
sists the action of all acids. These crystals are produced by fusing, in 
a carbon crucible, aluminum and boracic acid. The second form occurs 
in small plates resembling graphite. The third, is the usual form. 

(5 239.) Boracic acid, BOs. This is the only compound of boron 
and oxygen, and, as already stated, is formed by burning boron. It 
is found in nature, in a free state, in Tuscany, in hot springs. By 
evaporating these waters an impure acid is produced, which is employed 
in the manufacture of borax. See Borax, under Soda. 

Boracic acid may be obtained by decomposing borax, which is the 

{I 237.) How many compounds of As and S? What is said of the 
bisulphide ? What is Indian fire ? What of the tersulphide ? What 
are these sulphides ? 

i{ 238.) When was boron discovered ? Properties ? 
I 289.) How is boracic acid formed ? Where in a free state ? 
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borate of soda, by muriatic acid. Dissolve borax in boiling water, ana 
add muriatic acid, and when it cools, the boracic acid crystallizes. 
Throw it upon a filter, and wash it with pure water. 

(J 240.) Properties. Boracic acid crystallizes in thin lustrous 
scales, which contain nearly half their weight of water. When heated 
it loses its water of crystallization, and becomes a brittle transparent 
glass, which finally becomes opaque. Is volatile at a high temperature, 
and distils over with water or alcohol. Taste bitter ; slightly reddens 
litmus paper, and turns turmeric brown, like an alkali. Gives a green 
flame to alcohol. Imparts fusibility to many substances, hence used in 
the arts, and in blow-pipe experiments with the metals. See Borax. 

Boron unites with some other elements, but the compounds possess no 
interest 



SILICON. 
Sym. Si. Eq. 21.35. 

(§241.) DifiHision. Silicon, next to oxygen, is the 
most widely-diffused element. It constitutes the basis of 
the most abundant rocks that form the crust of the globe. 
It however never occurs pure, but mostly in combina- 
tion with oxygen, forming silicic acid. 

(§ 242.) Properties. It is a dark brown powder ; in- 
fusible ; burns in oxygen gas ; insoluble, except in fluo- 
hydric acid. 

SILICON" AND OXYGEN. 

Silicic Acid, SiOa, silica, quartz, sand, flint. Sp. gr. 2.66. 

(§ 243.) DiflTusion. This acid enters into the consti- 
tution of nearly all rocks and all soils, forming the 
greater part of some, and is an essential ingredient in 
all. 

It assumes a great variety of forms, being slightly 
colored, usually by some metallic oxide. Eock crystal, 
or pure sand or flint, is pure silicic acid. 

(§ 240.) Properties? 
(I 241.) What is said of silicon ? 
(I 242.) What are its properties? 
(J 243.) What is said of silicic acid? 
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Various-colored quartz, jasper, cornelian, heliotrope, 
agate, are combinations with the oxide of iron. In ame- 
thyst with the oxide of manganese; chrysoprasc with 
oxide of nickel. Rose quartz, chalcedony, and opal 
seem to depend on the arrangement of its atoms. 

(§ 244.) Preparation. In a state of perfect purity i\ 
is readily obtained by precipitating it from soluble glass, 
by means of an acid. By washing, drying, and heating 
the precipitate we have pure silicic acid. 

(§ 245.) Properties. It is a snow-white powder, hav- 
ing a gritty feel, excessively hard, infusible, insoluble, 
except in fluohydric acid. It combines with bases form- 
ing silicates, all of which are nearly insoluble, except 
those of the alkalies, and those, unless the alkali is in 
excess. The silicates are all our glass materials, com- 
mon clay, feldspar, the slag from the furnaces, and the 
cinders from the blacksmith's forge. 

(§ 246.) Silicon is not known to combine with hydro- 
gen or nitrogen. It forms compounds with chlorine and 
bromine, forming terchloride by burning silicon in chlo- 
rine gas, producing a volatile, pungent, colorless liquid, 
which decomposes water, forming chlorohydric acid and 
silicic acid. 

Silicon and Fluobine, Si.Fs- 

(§ 247.) Silicon is rapidly dissolved by fluohydric acid, and a gas is 
produced, which corresponds to the above formula. 

It is readily prepared by heating a mixture of powdered fluor spar, 
and quartz, with sulphuric acid. It is a colorless fuming gas, rapidly 
absorbed by water and decomposed, silicic acid being precipitated, and 
an acid is in solution, composed of 3HF -f- SSiFs, which is the fluohydro- 
silicic acid. This acid is used to separate potash from some of its com- 
binations ; also to distinguish between the compounds of barium and 
Blrontian. 

r J 244. ) How is it prepared ? 

r| 245. J What are its properties ? 

(I 246.) With what other elements does it combine? 

(I 247.) What is said of silicon and fluorine? 
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METALS. 

(§ 248.) A METAL is an opaque hody, a good conductor 
of heat and electricity, possessing a peculiar lustre, called 
the metallic lustre. They all combine with oxygen in one 
proportion at least, forming a basic compound. 

Classification of Metals, 

(§ 249.) The character on which we found the classifi- 
cation of metals is their affinity for oxygen, which is 
manifested by their ability to decompose water. In the 
following list of metals the uncommon metals are printed 
in italics : — 

Class 1st. The metals of this class decompose water 
rapidly at ordinary temperature. Potassium, sodium, 
lithium, barium, strontium, calcium. 

Class 2d. The metals of this class decompose water at 
212° ; as magnesium, cerium, glucinium, yttrium, zirco- 
nium, thorinium, ilmenium, aluminum. 

Class 3d. The metals of this class decompose water at 
red-heat. Iron, manganese, zinc, nickel, cobalt, vanadium, 
cadmium, chromium, tin, antimony, uranium, titanium 
molybdenum, tungsten, columhium, osmium, copper, lead, 
bismuth. 

Class 4th do not decompose water at any temperature ; 
as mercury, silver, rhodium, gold, platina, palladium, 
ruthenium, iridium. 

The metals will combine with most of the non-metallic 
bodies, except hydrogen. 

(§ 250.) We have said that the metals are opaque. 
This is not an absolute property, but one depending on 
the thickness of the metal. If reduced to a sufficient 
degree of thinness they become transparent. A piece 
of gold-leaf placed upon a plate of glass appears green 
by looking through it. 

(g 248.) What is a metal? . 

(I 249 ) How are the metals classified ? What is the 1st class ? 2d 
class ? 8d class ? 4th class ? 

(J 250.) Are the metals absolutely opaque T H^w illustrated? 
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(§ 251.) Ck>lor. The obvious color of metals Las been 
J)roved not to be their real color. By reflecting light 
:fcom the surfaces of parallel plates of the same metal for 
8 or 10 times, Prevost obtained the true color of metals, 
"l^-hich for gold, is bright red; copper, scarlet; silver, 
j-ellow ; zinc, indigo blue ; iron, violet. This is what we 
should be led to expect in regard to gold particularly, 
for a body seen by reflected light ought to be a comple- 
mentary color of that by transmission. Gold is green 
by transmitted light; it ought therefore to be red by 
reflected light, for red is the complementary color of 
green. The ordinary color of metals is one produced 
by a mingling of many accidental rays, which may be 
got rid of by numerous reflections. 

(§ 252.) Bzittleness and malleability. When we 
strike a piece of metal with a hammer, and it flies to 
pieces, as arsenic or antimony will do, we say it is 
hrittle. 

When it yields to the hammer or pressure of rollers, 
and flattens out, we say it is malleable. Metals differ re- 
markably in their malleability, and there are some modi 
fications in the property depending on the mode of action 
and the temperature at which it takes place. Continued 
strokes of the hammer, or repeated application to the 
pressure of the rollers seems, in some manner, to destroy 
the equilibrium of the heat and cohesion, and the heat 
being removed the body becomes brittle. This result is 
obviated, when desirable, by repeatedly heating the metal 
during its being reduced to sheets. Zinc is malleable 
only at a certain temperature. The following table is 
disposed in order of the malleability of the metals 
named : — 

1st, gold ; 2d, silver ; 3d, copper ; 4th, zinc ; 5th, pla- 
tina ; 6th, lead ; 7th, zinc; 8th, iron. Gold may be ham- 
mered into leaves, so that 360,000 of them are required 

(g 251.) What is said of the color of metals ? 

(j 252.) When are metals said to be brittle ? When malleable ? How 
do they differ ? What effect on some metals has repeated strokes of 
the hammer ? Cause ? How obviated ? How thin may gold be ham- 
mered ? 
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to make one inch in thickness, or 1800 of them to mafc^^ ^' 
the thickness of ordinary paper. 

(§ 253.) Ductility is the susceptibility of being drawr '"^^-^^ 
into wire. Wires are made by drawing a cylinde^^^ ® 
of the metal through conical holes in a hard stee^^ '^ 
plate, each successive hole being smaller than th^ .0^^ 
preceding, so that the cylinder is made smaller ^^' 
and longer each time it is drawn through a holea^^^* 
Wollaston drew wires sjihjSTi of o^^ iiich in diame- ^^' 
ter, and iron wire was drawn so fine that it coulc^— ^ 
^^^ be manufactured into wigs. A device has of lati^^g 
^J[Jj| been employed to prepare very fine wire without 
©rboies drawing it through holes in the plate so small 
dnfwingthe wire. If gold, platina, or iron or steel wire i^ 
^^*- wanted, enclose the cylinder before being drawn in a- 
silver cylinder. If the gold cylinder, for example, is I'o 
of the silver originally, it will be 7^ of the wire when 
drawn, then by dissolving off the silver by nitric acid, 
which will not attack the gold, it is left in an exceed- 
ingly fine wire, withotit the trouble of drawing it, but to 
one of ten times its section. If iron or steel is wanted, 
dissolve off the silver by mercury. 

The ductility of the common metals does not follow 
the same arrangement as their malleability. 

1st, gold; 2d, silver; 3d, platina; 4th, iron; 5th, cop- 
per ; 6th, zinc ; 7th, tin ; 8th, lead. 

(§ 254.) Tenacity or toughness is the strength of a 
metallic wire in sustaining a weight, or its resistance to 
rupture by being pulled. It is one of the most impor- 
tant properties of metals, and gives them their great 
value in the arts. 

If a wire of iron be made of sufficient size to bear 
1000 lbs., one of copper of the same size would bear 
548 lbs. ; of platina 500 lbs., just one-half the strength of 
iron; one of silver 340 lbs.; of gold 2721bs. ; of zinc 
200 lbs., one-fifth of iron; tin 64 lbs. ; lead 48 lbs., one- 
twentieth the strength of iron. 

(J 253.) What is ductility? How is wire produced? IIow fine hat 
wire been drawn ? Wluit device for fine wire? 

(} 254.) What is tenacity ? IIow do metals compare ? 
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(§ 255.) The oonduotibility of heat, by the different 
metals, is very diiBferent, and is a matter of no little im- 
portance to be considered where heat is to be used as an 
agent in the arts. 

If 1000 expresses the conducting power of gold, 981 
expresses that of platina, 973 of silver, 898 of copper, 
374 of iron, not half the conducting power of copper, 
363 of zinc, 303 of tin, 180 of lead. 

It will be readily seen that when liquids are to be 
heated, or heat diffused by tubes, that copper is much 
better than iron, all things else being equal. 

(§ 256.) The oonduotibility of electricity is as dif- 
ferent in the metals as the other properties we have no- 
ticed. If 1000 expresses the conducting power of silver, 
662 will express that of gold, 142 that of platina, and 
100 that of iron, 16 that of mercury. 

(§ 257.) The specific gravity of metals is generally 
greater than that of water. Two, potassium and sodium, 
are lighter. The following table gives the specific gravity 
of the common metals. The numbers are for pure 
metals: — 



Platina, 


22.07 


Cobalt, 


7.81 


Gold, 


19.36 


Iron, 


7.79 


Mercury, 


13.60 


Tin, 


7.29 


Lead, 


11.35 


Zinc, 


6.86 


Silver, 


10.47 


Antimony, 


6.71 


Bismutb, 


9.82 


Chromium, 


5.90 


Copper, 


8.88 


Sodium, 


0.970 


Nickel, 


8.28 


Potassium, 


0.865 


Manganese, 


8.00 







Some of the metals are volatile, and can readily be 
distilled ; such are potassium, sodium, zinc, and mercury. 
Others are volatile at a very high temperature, but most 
of them are fixed at the highest furnace heat. 

(§ 258.) State of the metals. The metals, with one 
exception, mercury, are solid at common temperatures. 



(J 256.) How do metals differ in their conductibility of heat ? 
(I 2'»6.) How for electricity? 

(I 257.) How do they differ in specific gravity ? What of the volatility 
of metals ? 
(} 258.) What ia said of the state of the metaVa! 



Mercury, 


— 40° 


Tin, 


+ 446° 


Bismuth, 


+ 476° 


Lead, 


635° 


Zinc, 


770° 


Antimony, 


800° 



The temperature at whirfi a metal melts is called its po-^ 
of fusion. 

The following table gives tlie melting point of C^ 
common metals:— 

Fh, Silyer, ISSS*^ 

Copper, 199^° 

Gold, 2012^ 

Iron (about) S000° 
Platina (about) 3664 
a little below redness, 

(§ 259.) Hardness* Mardmss is the property of ^ 
substance to resist the action of any mechanical agent t*^ 
scratch it. Hardness is usually expressed by the resisfc^ 
ance it offers to the action of soine well -known body, 
Buch as the diamond, which scratches all things, steely 
glasSj calcareous spar, and th.6 finger-naih 

Manganese is not scratched by steeL 

Chromium is scratched by steel, but not by glass* 
Iron, antimony, and zinc are scratched by glass. "Platina^ 
copper, gold, silver, and tin are scratched by calcareous 
spar. Lead by the naih Potassium and sodiam may" 
be moulded by the finc^ers^ and mercury is fluid. 

(§ 260.) Metals seldom occur pure in nature. They 
are mostly found combined with oxygeUj sulphur, or 
arsenic^ or in the form of salts. 

Gold, platina, and silver are found native, that is^ not 
in combination with any element, except another me tab 

(I 261.) Alloy B. Alloys are combinations of metajs 
with erieb other ; except in the case of mercury, whos^ 
compounds with other metals are called amalfjams. 

Alloys are produced to satisfy certain conditions, that 
the metals themselves will not, and to introduce into tha 
arts metals that in a pure state would be useless. Thus, 
co|)per is soft, inelastic, and possesses no properties that 
its alloys possess, which fit them for innumerable appli- 
cations in the arts; with zinc it forms brass^ being harder, 
more tenacious, and more elastic than the metal itself 

n 269) What Uliintlness? 
{I 2i\(\ ) How do nietnls oCijtirT 

(i 2GL) WJjat ttru idU>jH! What la an amalfiFvin T Why Qve alloys 
made ^ /Foff nith brnpft? 
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Witli tin it forms several combinations, liavin^ special 
properties that neither metal has separately. With 10 
per cent, of tin it becomes hard and tough, an<l forms 
metal for cannon. With 20 per cent, of tin it becomes 
highly elastic, and forms bells ; with about 30 ].>er cent, 
it receives the highest polish, and is speculum mutal, used 
for mirrors and for telescopes. 

The melting point is often greatly changed, and is 
cither above or below that of any of the metals separately. 
An alloy of 

Bismuth, 8 parts, which melts at 515° Fah. 
Lead, 5 '' " '' '^ 630°. " 

Tin, 3 " '' " " 446° '' 

Will melt at 200°, that is below the temperature of 
boiling water. Lead is too soft for the pressure on 
printer's types, and antimony is too brittle, but their 
alloy unites the hardness of the one with the toughness 
of the other. 

The details of the properties, and mode of prepara- 
tion, and the numerous applications of alloys and special 
properties of metals, will be noticed under the metals 
themselves. 

OXIDES OF THE METALS. 

(§ 262.) All the metals -will unite -with oxygen, 

most of them directly, some only indirectly, as gold, 
platinum, and iridium. Potassium alone will absorb dry 
oxygen at ordinary temperatures. The others require 
an elevation of temperature, or the presence of some 
other body. The combination of oxygen with the me- 
tals is a true combustion, and is accompanied by light 
and heat, when sufficiently rapid. 

In order that the combination may be rapid, it is ne- 
cessary that the metal be in thin leaves, or in fine pow- 
der, or that the metal be volatile, or the oxide volatile; 
otherwise a covering is formed over the surface, and 
combination is prevented. The first case is illustrated 
by copper, iron, &c. When heated, these metals form 

What combinations with tin ? How is the melting point aflfrcted ? 

(^ 2Gii. ) What is said of the union of oxygen witVi \\\e m^iVvvX^I \^V^ 
is noccsi:ii)-j that the union may be rapid 'i What iWwslT^LWQWi ^t ^*.^ 
casef 

I 
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an OKide on the surface, wticb protects tlie snbjaeen^ 
metal. Zinc is volatile, and the vapor burns as it risL^s^ 
The oxide of antimony is volatile, and exposes, bj it^- 
evaporation, a clean surface. 

(§ 263.) Water and air combined are efficient agents in, 
oxidizing some metals. A polished plate of iron placei 
in dry oxygen, retains its brilliancj indefinitely. Put 
the same plate in pure water, deprived of air, and it 
retains the brilliancy equally well; but give the air 
aceem, and it immediately rusts. The reason of this is, 
that the oxygen is absorbed by the water, and thua 
brought in contact with the iron, and combines with it, 
and forms a film of oxide from the oxygen of the air; 
but the succeeding oxidation is the result of a galvanic 
current, the uneombined metal being the positive ele- 
ment, and the oxide the negative element of a galvanic 
circle, and the water ia decomposed, and the hydrogen 
may be collected. The process is then more rapid. 

Many oxides are found native, and afibrd the most 
important ores of some of the metals, 

{§ 264.) ClasalHcation of oxideB. There are three 
classes of oxides^ 

1st, Basic oxides, Theae are the lowest oxidea, com- 
monly the protoxides, and iu some metals only the pro- 
toxide. The soluble basic oxides are alkaline; that is, 
they neutralize acids, turn turmeric yellow brown, and 
red litmus papers blue; pota^h^ soda, &c., are of this class. 

2d, The add oxides. These possess the opposite, pro- 
perties ; they redden vegetable blues, and unite with the 
basic oxides, forming salts ; such as chromic and man- 
ganic acids. 

3d. Indifferent oxides. These are such as are neither 
basic nor acid; as the peroxide of manganese and per- 
oxide of lead. 

(§ 2^5,) All the oxides are solid at common tempera- 
ture, some very sol^ble^ others slightly soluble, others 

(J 263.) What k smd of ttio potion of water and air! How if either 
is eieUidod ? How do the ostides formed act? 

(J 264.) How are oxidea cUeaed? What are hush otides? ITow are 
Ihe soluble ba^ic ox^jdef? How are acid oxides If >V^at are indiffcreEt 

(i 26§.) Wh^t nre thp pr^pcrtifis ot tTic oumaft^. 



I 

I 

I 
I 
I 
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insoluble, seldbm volatile, generally inodorous; less vola- 
tile tlian tbe metal from which they are formed. 

(§ 266.) Reduction of metallic oxides. Some of the 
metallic oxides are reduced by heat alone, as mercury 
and silver ; others withstand the highest heat unaffected, 
as potassium, iron, &c. The higher oxides are often 
reduced to a lower degree of oxidation by heat, when the 
whole cannot be driven off, as the peroxide of lead and 
the peroxide of manganese, from which we get oxygen 
by heating them. 

Hydrogen and carbon are the most efficient agents in 
reducing the oxides of the metals. By passing a current 
of hydrogen over many of the metallic oxides, heated in 
a tube, the metals are obtained in a pure state. 

Reducing the metals from their oxides is most com- 
monly done in the arts by heating them with carbon. 
Oxide of iron is reduced by heating it with coal in tall 
stacks or chimneys, modifying the conditions so as to 
meet the circumstances connected with the objects to bo 
accomplished. Some of the metallic oxides are not re- 
duced by these means, but require an indirect reduction; 
as aluminum. 

CHLORIDES OP THE METALS. 

(§ 267.) Chloziue imites Txrith all the metals, and 
most of them even at ordinary temperature, and with the 
disengagement of light and heat. Powdered antimony, 
projected into a vessel of chlorine, burns with a flash of 
light. 

The chlorides, unlike the oxides, arc more volatile 
than the metals from which they are formed, and in the 
combustion of the metals in chlorine the volatile chloride 
leaves the surface on which it is formed, and exjxjses it 
to the continued action of the chlorine, so that it is all 
consumed. Chlorides are found native. Common salt 
is an example. 

The chlorides may be classed in the same mann(jr Jis 
the oxides, and they correspond to those compounds; 

(J 266.) How are tiie oxides reduced? What arc the raost efficient 
Agents? IIow is the oxide of iron reduced? 

(J 267.) VihHt is sjiid of the union of chlorine ^v\t^\ \\.^m^VtiX**l "^V^V. 
tftbeirrolatiUtf? Arc they found native? How um^' \\\c^ X)** v^aa»«^^ 
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tlie clilorine may he substituted in tlic place of tlio 
gen in nearly or quite all cases, 

^§ 268.) When cMorohydric acid acts on tlie oxide oF 
a metal, tlio clilorido produced, with very few exceptions^ 
correspands to the oxide of the metal, and as many^ 
atoms of water are prodnood as tlie atoms of oxygen iri^ 
the oKide, Tlie contrary is also tnie, wlien a chlorides 
decomposes water, the oxide formed corresponds to th^ 
tjhloridej and as many atoms of chloroliydrie acid ar^ 
produced as the atoms of chlorine in the chloride. 

(§ 269.) Chlorides are liquid and solid; mostly solubli^ 
in water ; all fusible ; unalterable by heat. Heat ofteix 
produces dimorphism in the chlorides. Chloride of ■ 
cobalt is red at ordinary temperature, blue by being- 1 
heated, and that without gaining or losing any tbing ; 
thus forming a sympathetic ink. 

Light acts on some of the chlorides, transforming the 
white chloride of silver into violet and a dark brown, 
forming the basis of the photographic art, and decompo- 
sing the subchloride of mercury, reducing the mercurj^ 
to a metallic state. 

(I 270.) Reduction of the metallic chlorides. Hy- 
drogen will often reduce the chlorides by being passed 
over the heated chloride in a tube. Potassium and sodium 

tare employed in reducing the earthy metals. Aluminum 
is prepared by heating the chlorit^e of aluminum with 
sodium. 
It is a question among chemists, whether the chlorides, 
when they dissolve in water, do so simply; or whether 
water is decomposed, and the oxygen of the water con- 
verts the metal into an oxide, and the hydrogen of the 
water converts the chk>rine into chlorohydric acid, and 
thus forming the chlorohydrate of the metal^ as is ex- 
pressed by the following formula — 

MCI + no -= M0,C1H, 
In the production of chlorohydric acid and flnohydrio 
acid, &C., such a change evidently occurs. 



I 

I 



f| 2CiB.) What takes ptnco whon eblorobydrio acid acta on fin oiide T 
(I 20y ) Wlifit II ro the properties of tlie chlorides T What effect has 
Me/tr oti some chlorides? What effect has light? 
(i ^70,} How rtjaj chiorldca be reduced I 
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SULPHURETS OR SULPHIDES OP THE METALS. 

(§ 271.) The compounds of sulphur and tht metals are 
strikingly analogous with the oxides, in comj)Ositio!i. 

At common temperatures sulphur does not generally 
unite with the metals, but by an elevation of toin])v.Ta- 
ture, so that the metal is melted, and the sulphur is 
raised in vapor, the combination is rapid, forming a 
complete combustion, with the evolution of light and 
heat. Iron, copper, or lead, in fine division, heated with 
sulphur, a little above the melting point of the sulphur, 
combine with it, becoming incandescent. The combina- 
tion with mercury is violent. Eed-hot iron is burned 
up, by applying to it a stick of sulphur. Platinum, gold, 
and zinc, resist the action of sulphur. Zinc, in its rela- 
tions to sulphur, forms a singular exception, when its 
relations to the other metals are considered. 

The sulphurets occur native in great abundance, and 
form some of the most important ores of the metals. 

Although dry sulphur does not act on the metals, yet 
if it is moistened the case is very different. A mixture 
of 2 parts of iron filings and 1 of sulphur, moistened and 
with a moderate temperature, becomes hot, and even in- 
flames, if the mass is sufficient, and forms what was called 
the Volcano of Limery^ when buried in the ground. 

(§ 272.) The sulphurets may often be formed by pass- 
ing a stream of sulphuretted hydrogen through a solution 
of a metallic salt. This gas becomes a most important 
agent, on this account, in chemical analysis. The hydro- 
gen unites with the oxygen of the metal, and the sulphur 
with the metal itself. 

The sulphurets are very variously and highly colored. 
Mercury forms vermillion with sulphur; tin, iron, and 
antimony, beautiful yellow ; lead, black ; copper, brown 
and yellow. The same metal often forms different colors, 
under varying circumstances ; thus mercury forms a black, 
sulphuret by precipitating it, but a red in the dry way. 

(^ 271.) To what are the sulphurets analogous ? What is said of the 
combiaation of sulphur with the metals? What resist the action of 
sulphur ? What effect of moistened sulphur ? How illustrated ? 

{\ 272.) How else maj manj sulphurets be toxnui^t N^'^tvX, ^1 >Ogl^ 
colors of sulphurets f 



150 



METALS. 



The sulphiir^t of antiniony is a dark gray ore oatarally, 
but aa orango-yellow when precipitated bj sulplmretted 
hydrogen. 

(I 273.) ilany of the sulpliurets are not decomposed 
by heat alunci especially of the finst three cla-ssea Thej 
are volatile, usually more so than the metals from wkielx 
they are formed. The Biilphureta of the first class of 
metals are soluble, and if united eq[aiyalent to equiva- 
lent, are colorless. 

Heat and o:s:ygeri combined decompose all the sul- 
phurets, forming the oxides of the metals^ and convert- 
ing the sulphur into sulphurous acid. 

Some of the sulphurets, with moisture and air, are 
converted into sulphates. Sulphuret of iron undergoes 
this chauge^ forming the sulphate of iron — copperas. So 
the sulphuret of copper forms the sulphate of copper^ 
blue vitriol f hlae atoiie. The oxygen of the air produces 
the change of the sulphur into SOju and the metal into 
an oxide, 

(§ 274) The snlphurets are divided into classes, like 
the oxides, but their discussion is not demanded by the 
wants of the student in elementary chemistry. 

SALTS. 

(§ 275.) Salts are the product of an acid -writh a 

base, as we have already defined them. 

There are several kinds of salts, oxy-salts, chlorQ-sallSf 
suipho-salts, &c. The oxy-salts are the only ones that 
will demand our attention, viz,, those that are formed 
by an oxygen base {an oxide)^ united with an acid. 

When we add sulphuric acid, with care, to a solution 
of potash, we may come to a point where the test-paper 
will give no indication of the presence of an acid or a 
base. This is strictly a neutral salt. By evaporation 
we shall get crystals of the sulphate of potash If we 
add much more acid, and evaporate the fluid, and get 

(^ 273.) What of their tolartiUty ? How deoomposed ? Ho^r conTcrted 
inio sulphates? 

(I 274.) How cliiasiaed ? 

fi ^7^.) Whnl kindj of salts? Wbjcli anlj are noticed t Yfh&i in 
9triGtly A neutnil salt ? 
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csrystals, we shall obtain a different salt, containing twice 
^s much acid to the same amount of the base, which 
*)rms the bisulphate of potash, and which is acid in iUs 
3:^action. This is true in many other cases. Neutral 
«alts, in the sense above indicated, are only produced 
^th the oxides of the first class of metals, and with lead 
^nd silver. 

(§ 276.) The materials employed as tests of acids, are 
only salts, with a feeble red acid united to a mineral 
base, making a blue salt ; and by presenting a stronger 
acid the base is taken by the stronger acid, and the red 
coloring matter, or acid, set free. So when an alkali is 
put into the red solution, the stronger acid is neutralized, 
and a blue salt again formed. 

If a soluble salt, with an insoluble metallic oxide for a 
base, be presented to the litmus blue, the acid of the 
metallic salt will unite, in part, with the base of the blue 
salt, and set free the red acid, thus giving the acid test. 

(§ 277.) All the salts are solid, and those that are 
soluble are susceptible of crystallization. 

The colors of salts are various, but follow certain con- 
ditions. When the acid and base are colorless, the salts 
are colorless. Colored acids, with colorless bases, form 
colored salts ; as chromic and manganic acids. Colored 
bases, with colorless acids, form colored salts ; as oxide 
of iron and copper. Salts of the same base, with color- 
less acids, form the same colored salts. 

The protoxide of iron gives bluish green salts. The 
peroxide of iron gives yellowish red salts. The salts 
of copper give blue, &c. 

The taste of salts is very various, but those of the 
same base have a taste more or less alike. Some are of 
intense sweetness, as the salts of glucina, hyposulphite 
of silver, and acetate of lead. Salts of alumina, astrin- 
gent ; of manganese, bitter, &c. 

(S 276.) Explain the tests for acids? How do soluble salts act on. 
litmus blue ? 

(J 277. ) What are some of the properties of salts ? What of the colors 
of salts ? What of the color of salts of the same base with colorless 
acids ? How illustrated ? What of the taste of salts ? 
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(§ 278.) Action of heat on salts. Many of the salts 
are dec(^mposed at a high heat, while others sustain tb^ 
highest temperature unaffected. No general law seem^ 
to govern the effect produced by this agent, so far a^ 
discovered. When a salt contains water of crystalliza- 
tion, it fuses in this water, undergoing what is termed- 
aqueoits fusion, and when the water is all driven off i^ 
becomes anhydrous, and by increase of temperature may 
melt again, which is called igneous fusion. 

(§ 279.) Action of the galvanic battery on salts. 
Salts in solution readily undergo decomposition, th^ 
acid going to the positive pole, and the base to th© 
negative. If the battery is sufficiently powerful a fur- 
ther decomposition ensues, this metal and radical of th^ 
acid appearing at the negative pole, and the oxygen at 
the positive. 

It is on this principle that the processes in electro- 
metallurgy are based. The article to be coated with 
metal is placed in a metallic solution, attached to the 
zinc or negative pole of the battery, while the same solu- 
tion is connected with the positive pole. The metal, in 
these conditions, is deposited as desired. 

(§ 280.) Solutions of metallic salts. Water is the 
appropriate solvent of salts. Most of them are more or 
less soluble, some being soluble in less than their own 
weight of water, others requiring several times their 
weight, while others still are scarcely soluble at all. 

Temperature has usually great influence over the 
solubility of salts ; generally greatly increasing it. The 
boiling point of the solution is greatly altered, from that 
of pure water, and is generally elevated in proportion to 
the salt contained in it. Boiling water takes up 61.5 
parts of chlorate of potash, and the temperature of the 
boiling solution is raised to 219°.2. It takes up 224.8 

(J 278.) What is the action of heat on salts ? What is aqueous fusion? 
What is igneous fusion ? 

(§ 279.T What of the action of the galvanic battery ? 

(2 280.) What of the solubility of salts? What effect has tempera- 
ture ? How is the boiling point affected ? 
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of the nitrate of soda, and the temperature is raised to 
249°.8. It takes up 325 of chloride of calcium, and the 
temperature rises to 354°.2. 

By the saline solutions any temperature may be ob- 
tained by taking different salts, whose boiling point differs 
from that of 212° to 354°. See Table in the Appendix. 

(§ 281.) Effect of solution on temperature. When 
a salt is dissolved in water, the temperature is more or 
less changed. Sometimes elevated, sometimes lowered. 
If the salt is anhydrous, and has an affinity for water, 
to make a chemical hydrate, the combination will libe- 
rate caloric, as chemical changes usually do. On the 
contrary, if the salt has all the water .it has any affinity 
for, and undergoes a disintegration of its particles, which 
become separated, caloric is absorbed, or, in other words, 
cold is produced. In the solution of the anhydrous salt 
cold is produced also, but the heat from the chemical 
combination, in solidifying the water, more than counter- 
balances the cold produced by the solution. Use is often 
made of these facts in producing freezing mixtures. 
Nitrate of ammonia 1 part, crystals of carbonate of soda 
1 part, and water 1 part, will reduce the temperature 
from 50° to 8°.6, or through 41°.4. 

By making a more rapid solution of a salt, by using 
some other liquid than water, a very great reduction of 
temperature may be produced. Thus, by dissolving the 
crystals of sulphate of soda by muriatic acid, the tempe- 
rature may be reduced more than 40°. 

(§ 282.) Water is found in salts in three forms : 1st, 
the water is interposed between the plates of the crystals, 
as in common salt; 2d, water of crystallization, as in 
common alum ; 3d, water of constitution, as in the phos- 
phate of soda. 

The salt may be deprived of the first two, and suffer 
no injury ; but if the water of constitution is removed 
the salt is destroyed. Phosphate of soda contains 25 

(J 281.) What effect has solution on temperature? When is heat 
produced? When cold? What u?c is made of this fact? How may a 
more rapid solution be effected ? What example ? 

(2 282.) In what forms is water found in sallal \J\\^\. \^ «b ^^^^ ^1 
each ? 

7* 
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atoms of wAtcr ; 24 of them are water of crystal] i2:atton; 
wliicli may be removed, and by dissolving tlie residue il 
regains tlie 24 atoms lost, and is restored to its ori.i^iial 
condition; but if tho 25tli atom is removed, and the 
resold uum dissolved, a very diiferent product is prodnced. 

(§ 283.) Action of acids upon salts. The following 
conditions govern the action of acids oo the salts with 
metallic bases. 

1st When the aeid is the same as the acid ia the salt^ 
it often uids the solution of the salt ; as nitric acid aids 
the solution of nitrate of potash, 

2d. When the acid is different, and forms an insoluble 
compound with the base, decomposition will ensue, and 
a salt of the added acid will be formed; as when sul- 
phuric acid is added to muriate of bar3rta, the sulphate 
of baryta is formed, and the muriatic acid set free. 

3d. When the acid in the salt is insoluble, the addi- 
tion of an acid that forms a soluble salt will produce a 
decomposition; as when any of the common acids are 
added to the silicates, we have precipitated the insoluble 
silicic acid: 

4th. Decomposition will ensue^ when the acid added is 
more fixed than the one in combination ; as when w^e put 
any of the comraon acids to a solution of a carbonate. 
On this principle nitric acid will decompose a muriate, 
and sulphuric auid a nitrate, and phosphoric acid a sul- 
phate. Silicic acid also, by heat, decomposes the sulphates. 
Til is ia another illustration of the influence of circum- 
stances, in controlling chemical action. When the sill 
cate of potash is in solution, the sulphuric acid decora- 
poses it ; but when the sulphate of potash is heated with 
the silicic acid the sulphate is decomposed, and a silicate 
formed. 

(§ 28-t.) Action of hases on salts. The same princi- 
ples govern the action of bases that govern the action of 
acids. I'he addition of any base, that can by any rcac- 

(J 283.) Whnt is lite fir&t case of the action of an ncU oa n ealt! 

lUustTur^; it* Wbiit. Is tite aecoodjf lllustrfite iL Whiit is the ibird? 

Illustrate it What ia Uie fQartb ? What illy stration ? Whut illustra- 

iJon of SOfl nnd a ^ilicaic? 

(i 284,) WMi j»riiictple3 govern the aciion of b^ca ^m mJIU t What ii 



I 
I 



I 
I 
I 



MBTALS. loo 

/.ion produce a solid, that reaction will take i)lace, and 
the solid be produced. 

1st. When the added base forms an insoliiMe coni- 
;j)ound with the acid of the salt, a decomposition will 
^nsue. -When lime-water is turned into the sc^lution of 
sulphate of soda, the sulphate of lime is j)roduce<l. 

2d. When the added base is itself soluble, while the 
lase of the salt is insoluble, a decomposition will ensue. 
"When potash is added to a solution of sulphate of copper, 
^we get the oxide of copper as a precipitate, and sulphate 
of potash in solution. In this manner we get all the in- 
soluble metallic oxides, by the action of the alkalies on 
"their soluble salts. 

3d. When the base added is more fixed than the base 
of the salts, a decomposition follows. When we add 
nime or potash to a salt of ammonia we get ammonia, 
^th the acid combined with the lime or potash. 

4:th. When a base is added to a soluble salt, that will 
also form a soluble salt, and the bases themselves being 
equally soluble, the bases will divide the acid between 
them, and free bases will be in the solution. 

If into a solution of sulphate of soda an amount of 
potash be added equivalent to the soda, no effect is appa- 
rent ; but if this solution be evaporated to dryness, and 
alcohol be applied to the dry residuum, we shall find the 
alcohol will hold both soda and potash in solution. It 
will dissolve them, but not their salts ; so that the pot- 
ash must have taken a part of the sulphuric acid from 
the sulphate of soda. The solution then was made up 
of sulphate of soda, sulphate of potash, with caustic pot- 
ash and caustic soda. 

(§ 285.) Action of salts on each other. One of three 
lesults follows the mingling of saline solutions. 

1st. They may form a simple mixture, or the acids 
and bases may in some respects vary. 
2d. Double salts may be formed, as where sulphate of 

the first case ? What is the second ? What is the third ? What is the 
fourth ? How iUustrated ? 

(2 285.) What is the first case of ihe action of salts on ftS^ciVi qW«\ 
What is the second ? 
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potash is mingled with sulphate of alumina, we have 
formed the sulphate of alumina and potash — common 
alum. 

3d. When one of the acids forms an insoluble com- 
pound with one of the bases, double decomposition 
ensues, and the insoluble compound is produced. When 
sulphate of soda and muriate of baryta are mingled in 
solution, the insoluble sulphate of baryta is produced, 
and the muriate of soda held in solution. 

There are numerous cases, produced by different condi- 
tions, and some of them of much practical interest, but 
they are not within the scope of elementary chemistry. 

(§ 286.) The following classes of salts are so common, 
and occupy so large a place in chemistry, and in nature, 
and the arts, that a few of their prominent characteristics 
will not be out of place. 

Sulphates. The sulphates are the most stable of any 
of the ordinary salts. When the metallic bases are 
united with almost any of the other acids, the sulphuric 
acid displaces them, and forms sulphates. In this way 
we get muriatic acid from common salt, nitric acid from 
nitre, iodohydric acid from iodide of potassium, fluo- 
hydric acid from fluorspar, and phosphoric acid from 
bones, &c. 

The sulphates heated with carbon are decomposed. 
Whatever sulphate may be present it may be converted 
into the sulphide of potassium, by heating a small quan- 
tity in the reducing flame of the blow-pipe, with charcoal 
and carbonate of potash, and by the addition of a strong 
acid to the residuum, the sulphohydric acid is readily 
perceived by its odor. The soluble sulphates are readily 
detected by the addition to the solution of nitrate or 
muriate of baryta, a white precipitate being at once pro- 
duced. 

(§ 287.) Sulphites are readily recognised by adding 
to the salt sulphuric acid, and there is at once perceived 
the odor of sulphurous acid. 

What is the third ? 

/| 286.) How are the sulphates characterized? What effcc" has heat 
ana carbon ? How are the soluble sulphates tested? 
a 287.) How arc (he sulphites vccosmacdt 
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(^ 288.) Chlorates. The chlorates are rendily de- 
tected by deflagrating with charcoal, or by adding to the 
salt SO3, a yellowish gas is liberated — the hypochloric 
acid. 

(§ 289.) The hjrpochlorites are bleaching salts, and 
the peculiar odor is perceived in the combinations of 
hypochlorous acid. 

(§ 290.) Nitrates. These salts are characterized by 
deflagrating like the chlorates, but the action of SO3 does 
not liberate the characteristic hypochloric acid. 

(§ 291.) Carbonates. The carbonates arc decomposed 
by dilute acids ; the carbonic acid being readily detected 
by passing it into lime-water, in which it produces tur- 
bidness. All of the carbonates, except those of soda and 
potash, are decomposed by heat. 

All the metals are not equally important. There arc 
a few only, that possess much interest in their application 
in the arts and sciences, and to such only as do possess 
this interest shall we direct our attention. The follow- 
ing list contains those only that we shall study; 1, Potas 
slum; 2y Sodium; ^, Barium; 4, Strontmm; 5, Calcium; 
6, Magnesium; 7, Aluminum; 8, Manganese; 9, Iron; 
10, Chromium; 11, Coho.lt; 12, Nickel; 13, Zinc ; 14, Tin; 
16, Antimony; 16, Bismuth; 17, Lead; 18, Copper ; 19, 
Mercury; 20, Silver; 21, Gold; 22, Platinum, 
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Eq. 39. 



Syra. K (from the Latin, Kalium). 
Sp. gr. .865, at 60° of Fahr. 



(§ 292.) Discovery. Potassium was discovered by 
Sir Humphrey Davy, in 1807. He obtained it by sub- 

(J 288.) How are the chlorates recognised? 
(I 289.) How the hypochlorites? 

I 290. j How the nitrates ? 

I 291.1 How the carbonates ? 

I 292.) When and hy whom was potassium dia^o^«^^1 
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mitting to the action of the galvanic battery hydrate of 

potasli. For this purpose he placed in a capsule some 

moistened potash, and with it a globule of mercury. To the 

mercury he applied the negative pole 

of the battery, and placed the capsule 

on a plate of platina, constituting the -t" 

positive pole, as shown in the figure. An amngem^t for deoo^poa. 

The potash was decomposed, the po- ^g potash by the batterj^. 

' ^ o • S 'xT. fi- — The negative pole. 

tassium forming an amalgam with the + The poaitiTe poie. 
mercury, which became of a buttery consistence. By 
distillation in nitrogen gas the potassium was obtained 
isolated. He obtained only minute quantities by this 
means. 

(§ 293.) Properties. It is a soft, light metal, having 
the aspects of lead. A recently cut surface is shining and 
brilliant, but tarnishes immediately. It may at ordinary 
temperatures be moulded like wax, dra'wn out, or flat- 
tened. It is volatile at a red heat ; rising in a beautiful 
green vapor. It is a good conductor of heat and elec- 
tricity. It has a powerful affinity for oxygen, taking it 
from the air, and decomposing water, the hydrogen burn- 
ing with a beautiful pink flame. It is kept under naptha, 
which contains no oxygen. 

Produces an alkali. Place some reddened litmus water 
in a saucer or other convenient vessel, and drop into it 
a piece of potassium. It will immediately commence 
burning, ana the water will be changed from red to blue. 
Or if the water be colored by purple cabbage, it will be 
turned green. If colored with turmeric, it will be turned 
brown. 

Explanation, The potassium decomposed the water, 
and the heat was great enough to set the liberated hydro- 
gen on fire, which caused the flame. The union of the 
oxygen and potassium formed potash, which is an alkali, 
which turns vegetable reds blue, purples green, and 
yellows brown. 

(§ 294.) Since the discovery of Davy, many improve- 
By what process ? 

(i 293.) What are its properties ? How does it produce an alkali ? 

II 294.) How is potassium prepared? 
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ments have been made in the prepaiation of potassium. 
The first was made by Gay-Lnssac and Th^nard, who 
obtained it by passing nitrate of potash over liighly 
heated iron in minute division, as filings, turnings, or 
wire. Brunner improved on this, by using the carbonate 
of potash with excess of carbon, obtained by calcining 
cream of tartar (the bi-tartrate of potash), and adding pow- 
dered carbon, and heating it in an iron bottle. Dorney 
and Mareska have made improvements in the apparatus 
by attaching a condenser of peculiar construction, which 
want of space forbids our describing. 

Explanation. Heating the cream of tartar decomposes 
the tartaric acid into carbonic acid, and free carbon. 
The carbonic acid unites with the potash, forming the 
carbonate of potash, and each atom of carbonate of pot- 
ash has in contact with it free carbon. The atom of 
oxygen in combination with the potassium unites with 
the carbon set free in calcining the cream of tartar, and 
the liberated COj is decomposed by anothct atom of 
carbon, and passes off in a gaseous state as CO, and the 
potassium distils over with it, CO =K0 + 2C =- 3C0 + K. 

(§ 295.) Uses. Potassium is employed in the labora- 
tory, mostly on account of its great affinity for oxygen. 
It is employed in reducing some of the metallic oxides. 

Protoxide of Potassium. KO. Eq. 47. 

(§ 296.) Preparation. Heat one equivalent of the 
hydrate of potash with one equivalent of potassium. 

Explanation. The oxygen of the water constituting 
the hydrate unites with the potassium, and the hydrogen 
escapes; or it may be obtained by exposing potassium 
lo the action of dry oxygen gas. 

(§ 297.) Properties. It is a white solid, very caustic, 
with a powerful affinity for water, which it will absorb 
from the air, and become the hydrate of potash. 

How explained ? 

(J 295.) What, arc the uses of potassium ? 

(I 206.) How is the protoxiJe of potae^ium prepared? 

(5 207.) What are its properties ? 
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Hydrate of Potash, Caustic PotasK 
KO + no — 47 + 9 -- 56. 

(§ 298,) Sources. Pure hydrate of potash is found 
only in tlie hihoratory. It is obtained from tlits potash 
of'tJOinmorEjei by processes of puriiication. Cominon pot- 
ash is obtainorl from wood ashes by lixiviating or leadi- 
ing them, and evaporating the lye and heating the dry 
mass to reiloess, at which temperature it melta In this 
melted state it \s dipped off into iron pots^ and solidifies 
into large cakes called jpoiash. 

This is a very impure substance^ containing the car- 
bonate of potasli, and all the soluble impurities contained 
in the a^hes. 

Purification, The first step in purify in i^ this snb- 
stanee, is to dis^^olvc it in many times (8 or 10) its weight 
of vraier, and when boiling, in an iron kettle^ add two- 
thirds af its weiglit of dry powdered quick-lime. The 
reaction is c;Lsily uiKkrstuod, The carbonic acid leaves 
the potash, and unites with t.lie lime, forming the solid 
carbonate of lime; wliieh falls to the bottom, leaving a 
clear liquid, which must be drawn off into a clean vessel 
by a syphon, and rapidly evaporated to dryness, and the 
mass heatcil to redness, wliich, when cast into sticks, is 
called caustic potmhj in the drug shops. It has had several 
^ynommsv jMiiassa fusa^ lapis infernalis, kuU purumf lime- 
potash, vefjetahh alkali. 

(§ 299.) Properties. Tliis substance is of bluish gray 
color, ver^ caustic, deliquescent, and is used in the arts 
and medicine as pure potash. It contains impurities, 
especially salts of potash, the lime only decomposing the 
carbonate. 

Furtlter purifimiion. By dissolving this in alcohol, 
which wdll dissolve pure potash , and none of its salts, 
and decanting the liquid, as before, and distilling it from 
an alcrabie, to save the alcohol, and melting the resi- 
duum, and running it into sticks, we have pure hydrate 

(I 298.) Wliero only ljt pure hjr^lmte of potash found ? From what ii 
it obtuined! Wlieoec iji ctmiitmH jinlftiili ilenredy WJmt is the firat 
itep in piirificjitiou f What in I lie «*i*oom1 atep ? Wh U is Uiia cftUcd f 

(1 299,) Wliui fii'i) tht? prtiprTik's^ of lliis »itibarjmce ■ How ia ir furlUer 
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of potash ; sometimes with a minute c^uantity of the car. 
bonate, resulting from the decomposition of the alcohol. 

Properties. It is a snow-white substance, possessing 
all the properties of the preceding subslantie in a higher 
degree. It is sfeldom that such purity is demanded, ex- 
cept in chemical operations. 

When dissolved in water heat is disengaged. 

It is the most powerful alkali. It melts at 752*^, 
and is volatile at a high heat. It attacks all organic 
matters, and destroys them, probably partly from its 
strong affinity for water, and partly by the efficiency it 
gives to the action of oxygen. 

(§ 300.) Uses. From its strong affinity for water it is 
often used in drying gases, and depriving tliem of CO2. 
It forms the basis of soft soaps, and enters into the con- 
stitution of glass. 

Liquor potassse is the lime potash liquid, bottled up 
when it has a strength of about 5 per cent, of potash. It 
is used in medicine, and in the laboratory. 

Potash plays a most important part in the vegetable 
economy. In grasses and grains it is the carrier of silex 
to harden the stem, so that the plant may support its 
load of seed. It is essential to the proper growth and 
development of land plants. It exists in most soils, and 
should be supplied when wanting. It is liable to become 
exhausted in our gardens ; hence ashes should freely be 
applied to them. 

(I 801.) Chloride of potassium, KCl. This compound is formed 
directly by the action of chlorine on potassium. When required for 
use it is obtained by the action of chlorohydric acid on potash. Soda- 
ash and the ashes of tobacco furnish the chloride of potassium. It is a 
colorless substance, crystallizing in cubes ; is volatile at a high tempera- 
ture. Produces colorless solution. It is used only from the ease by 
-which other compounds of potassium may be obtained from it. 

(J 302.) Bromide of potassinm, KBr. Obtained like the preceding 
by direct action of bromine on potassium. It resembles the chloride in 
its properties. 

purified ? What are its properties? At what temperature docs it melt? 
What effect on organic matters? 

(I 300.) For what is it used ? What is liquor potassioe ? What rela- 
tion to vegetation ? 

(J 301.) How is the chloride of potassium formed ? What ashes yield 
it ? What properties ? 

li 802.) What is mid of the bromide of potassWm**. 
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loDmE OF PoTASsjcM. Sym. K!. Eq. 39 ^ 127 = 166. 

(J son. ) PrcpnTation. This maj be prepared by tlie direct unioD of 
potasKiurn and iodma. It ia prepared for commerce by aatiiraf ing a sola 
tion of potash bj iodine, eTaporsiting it, ftnd it crygtalliaes in cubes. 

(§ S04.) Properties. 100 parte of water dissolve 143 piirts of KI, 
A Eolntioti of Kl di&soWes a great quantity of free iodin© j tirioe as 
mnch as is contained in itself It erystnllizes in cubes. 

Untat. It is in this form that iodine la mostly used in medicine. It 
13 tised in photography. 

CiTANiDE OF Potassium. Sym, KCy- Eq. S& + 26 = 05. 

{g 305 ) Preparation. Thia substance ia extensively prepared in 
England, by passing a current of hot air, deprived of itg oxygen, 
through cylinders, containing irood impregnated with carbonate of pot* 
aab, highly healed. 

It may also he prepared by calcining yellow prussiatc of potash p dk- 
Bolving the calx, and evaporating tiic solution to dryness. 

(§ oOG.) Properties. One of the most poisonous substances known. 
We have cfien used it to kill largo animals for specimena of natural 
history^ A few (^raina of it, dies solved in water, and administered, will 
kill instantly. Or cffanide of pofassinm wrapped loosely in a piece of 
paper placed in a vial, for insects or small animals intended for the 
cnbinet or examination, aoon kills them. 

l!a solution has the odor of pmssic acid. It ia a white deliquescent 
solid ; disaolvea very readily in water, and nndergoea decomposition by 
icng standing. 

(g SOT.) Uies. Its most important uae ia in its action on the idps cf 
metals. It vfill dissolve most of the insoluble oxidea and chlorides, 
hence ussed in electro- metallurgy ; also giving o peculiar lint in many 
cases, BO tbat it becomes an important teat. It ia one of the best blow* 
pipe rcAj^ents, It la used in medicine^ taking the place of prusaic acid. 

COMPfJUNDB OF BUIPBUU ASD POT A SB mM. 

{I 308.) There are ^ve regular compounds of sulphur and potassium, 
KS, KS^, KSa, KSi, KSfi. Isolated, they are not well understood. Wc 
have several common articles, consisting of one or more of the above 
com pounds, with others. Repar sutphnris, liv^r of sulphur^ is made by 
fufing sulphur wilh carbonate of potash, in, cloae vessels. Its composi- 
tion is variable, congisting mostly of the lersulphide of potassium^ It 
is used in medicine. Milk pf sulphur is obtained from a sulphide of 
potassium, formed by boiling sulphur with caustic potash, and procipi- 
tAting the sulphur by on acid. 
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(I 303. J How is the iodide of potasaium prepared ? 
it 304 ) What are its proportica ? What arc its uses ? 
(I 305. ) How ia the cyanide of potaasium prepared ? Wbat other 
proccas ? 



[l W^.) What are itg properiiea? 

\i 307.) What are its uses? 

{I 3U8.J How many compounds of S and K? 



What are used? 
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SALTS OF POTASSIUM. 

Carbonate of Potash : KOCO2. Pear lash, Sails of 
Tartar, 

(§ 309.) Sources. The common potash of commerce 
consists mostly of the carbonate of potash. The potash 
exists in the land plants, probably in combination with 
organic acids, which during the combustion are de- 
stroyed, and carbonic acid takes their places. This is 
well understood with regard to cream of tartar. Calcined 
cream of tartar gives carbonate of potash, as we have 
oefore remarked, in the preparation of potassium. The 
crude potash of commerce contains usually only about 
60 per cent, of the carbonate of potash. To purify it, 
the potash is dissolved in a small quantity of water, and 
filtered. The sulphate of potash, by evaporation, first 
crystallizes, the balance is evaporated to dryness, which 
is the pearlash of commerce. That only is properly 
called salts of tartar, which comes by calcining cream 
of tartar. The purest form of carbonate of potash is 
obtained by calcining the binoxalate of potash, which is 
the kind used in the laboratory. 

(§ 310.) Properties. It deliquesces, and dissolves in 
less than its own weight of water. Insoluble in alcohol. 

(§ 311.) Uses. It is the source of all the other salts 
of potash. It yields the potash for soap and glass. Is 
used to. concentrate alcohol. Often used in culinary pro- 
cesses under the name oi pearlash; but is mostly displaced 
by salaeratus and bicarbonate of soda. 

Bicarbonate of Potash. Sym. KO2CO2. Saleeratus. 

(§ 312.) Preparation. This salt is formed by passing 
a current of carbonic acid through a solution of the car- 
bonate. 



(J 309.) Whence comes the carbonate of potash ? How is the purest 
form obtained ? 

(2 310.) What are its properties? 

d 311. j What are its uses ? 

(I 312.) How is the bicarbonate of potash prcpuTodt 



lU 



POTASSIUM. 



(§ 313.) Properties, It readily crystallizes in large 
crystals, \dncli contam 9 atoms of water. Salable ia 4 
times it.^ wetglit of water. 

{§ 314,} Uses. One of the best antacids. Used ia 
culinary operations for raising batter or dongli, witli 
some acid substancej as sour milk, buttermilk, vinegar, 
(Sec. The acid of tbe milk {lactic aci<I) unites with the 
potash, and liberates the carbonic acid, which is a gas, 
and in its effort to escape raises the material, or makes it 
porous, by the minute bubhles of gas being entangled 
by the stieky portion of the dough* 

Silicate of Potash. Sym. KOSiOa- 

(g 316.) Thenj aro BCTCTal siljctttea. When the alkali predominatea 
the silicates are soluble. Wbeu the aciil predoraliirttca it: is insoluble. 

{§ 316.) Soluble glass. This compound ia cnpable of forming li 
Trirjiish, -with whkli articles maj be covered to prevent decaj, and & 
protection agaiiii^T fire. 

ii 317.) Preparation. Take 45 parts of pur© -whits eand, 30 purts 
of cavbotintc of porjisli, aTid 5 parts of powdered charcoal, and mix Ihein 
thoroughly hy grinding ; melt theux iu tho hij^hest hen.t of the ftimacci 
uniU they become a Uomogeneotia licjnid. It forms a deep brown trauB- 
Itieent glass. To dissolve it, redoee it to powder, flToiding much ex- 
pnpure to the air; as the strong afEnity of the pota&h for the carbonic 
acid of the air will decompose a porlion of it, aud vitiate its character. 
DiBsolve it in wntcr, when the specific gravitj of the solution U 1^* 
apply it lo the fiurface of bodies, nud it soon dries, forming a Tarnish, 
wtibh being infusible at any ordmaiy temperatures, protects tbe mate- 
' rials from burning. 

NiTBATE OF Potash. Mtre, Sallpetre, Sym. KO^NOj. 
Eq, 101. 

(§318.) PropertieB. It crystallizes in six-sided prisms, 
often striated; the prii^ms havino; a hatchet shaped ter- 
niLnation. They contain no water of cry stall ization^ 
undergo igneous fusion, insoluhle in alcohol; soluble in 
boiling water to almost any extent; at 32*^ dissolves ^^ 
of its %veight, the quatitity increasing as the temperature 



(I 3ia. ) What lire its properties T 

(I 314J What are its uses? 

(I 315.) Wiint is said of the silicates T 

(S %WA What of soluble gla^J*? 

(I 317. j How prepared ? Uow used? 

(I 318.) What are the propertiea of nitrate of potash? 
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^ses. Heated to redness, loses one atom of oxygen, 
^ing converted into the nitrite. By a still higher heat 
it loses all the oxygen of the nitric acid, and is converted 
into the oxide of potassium. 

(§ 319.) Durtiibution. This important salt of potash 
is fonnd in great abundance in every quarter of the globe, 
the result of spontaneous changes arising under various 
circumstances. It occurs as an efflorescence on porous 
limestones, sandstones, marls, and chalk, and on soils in 
various portions of the globe. In cavcrixs it is a very 
common product. The Mammoth Cave of Kentucky lias 
furnished large quantities of it. The battle of New Or- 
leans was fought with powder manufactured from nitre 
obtained from this cave. Similar caves are found all 
over the world. It is found in all soils that contain ma- 
terials undergoing decay. The conditions of its produc- 
tion have been a question of much interest to the chemist, 
and its full solution is yet to be given. 

It was formerly supposed that the presence of a nitro- 
genized substance, undergoing decay, was necessary to 
its production. But this is set aside by various well- 
known facts. Porous substances, containing a base with 
which the NO5 can combine, seem to be the only condi- 
tions essential to the formation of nitrates of lime and 
potash. Ammonia and air, passed over platina sponge, 
will form NO5, which would indicate that a base was not 
essential. Dr. J. Davy and Mr. Longchamp came to the 
conclusion that porous substances for the condensation 
of gases, and moisture with a temperature of about 60^, 
and such bases as lime, potash, soda, &c., being present, 
were the conditions on which the nitrates were formed 
spontaneously. 

The decomposition of organic materials, no doubt, 
accelerates the process, if it takes no direct part in it. 

(§ 320.) The artificial nitre-beds of Earopean countries 
are rough sheds, built over beds of rubbish, which con- 
tain potash and lime, and are kept moist by frequent 

(§ 319.) Where found? How does it occur? What conditions are 
necessary for its production ? 

(I 820.) What are the artificial nitre-beds of EuroYQ*i 
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sprinkling of the refuse ^vater of tlie honseliolcl, and t>io 
mass kept porous and light by straw, or small brush* 
The nitre, as it forms, rises by capillary attraction, and 
effloresces on the surface, and at long intervals the i^ur* 
face is taken off and lixiviated. Old damp walls often 
yield large quantities of nitre when taken off and lixi- 
viated, 

{§ 321,) The usual explanation of the reaction in these 
cases is, that in the decomposition of organic substances 
the nitrogen in a nascent state unites with the oxygen, 
forming nitric acid. The soil under old buildings, that 
has been long protected from rains, is rich in nitrates. In 
the war of 1812 the soil under churches, and court-houses, 
and buildings without cellars^ was gathered and lixivi- 
ated for extracting nitre, as the British prevented its ,1 
importation. 

(§ 322.) Preparation, The materials containing nitric 
salts are mixed with wood-ashes, and lixiviated. The 
lixivium evaporated tQl the crystals of nitre are formed. 
By re-crystallization our nitre or mUpetre of commerce is 
formed. 

(§ 323.) Uses of nitre. 1st. In the maniifaciure of 
gunpowder. Nitre is the principal ingredient in the manu- 
facture of gunpowder, forming a large portion of the 
mass. 

The following are the relative quantities in the gov* 
ernment powder of the United States ; Nitre, 75 ; char- 
t3oal, 12.6; sulphur, 12,5, These proportions vary in 
different countries, and for different purposes in the same 
country. Theoretical gunpowder is 1 atom of nitre, 1 
of sulphur, and 3 of carbon, thus expressed, KONO5 + 
S + C3, which io per cent, would be 75 *uf nitre, 13.28 
charcoal, and 11/77 sulphur, which is about the propor- 
tions of Prussian powder. 

The most recent investigations on the subject of the 
explosion of gunpowder have given the following as the 
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solid products of combustion : Sulphate of potash, 5(5.^)2, 
carbonate of pot«ish, 27.02, making nearly 84 parts of 
the whole residuum ; hyposulphite of potash, 7.57 ; 
sulphide of potassium, 1.06; hydrate of potash, 1.2e]; 
sulphocyanide of potassium, 0.86; nitrate of potash, 
5.19; carbon, 9.7; and sulphur a trace. The gases 
are, carbonic acid, 52.67 ; nitrogen, 41 ; carbonic oxide, 
3.88 ; hydrogen, 1.21 ; sulphuretted hydrogen, 0.60 ; 
oxygen, 0.50. 

The force exerted by the explosion of gunpowder is 
4800 atmospheres. The heat liberated about 3000°. 

The strength of powder was found to be increased by 
increasing the nitre and charcoal, and diminishing the 
sulphur within small limits: 76 of nitre, 14 of char- 
coal, and 10 of sulphur was the strongest composition. 
Rifle powder is 77.4 nitre, 13.5 charcoal, 8.5 sulphur, 
which is the quickest Such powder is liable to deterio- 
ration from absorption of moisture from the air. It must 
be kept in sealed metallic cans. 

For blasting purposes, which is better for being slow, 
powder is composed of 62 of nitre, 18 of charcoal, 20 of 
sulphur, and, to still further diminish its rapidity, it is 
mingled with sawdust. Such powder strains, in the lan- 
guage of the workmen, and raises up much greater masses 
than when it explodes quickly. 

(§ 324.) The materials of powder must be jmre ; they 
must be in impalpable powder; they must be iiarfectly 
mioced. 

Graining. Much of the quality of powder depends 
on the graining. It is much quicker by being of small, 
well polished grains. The object of graining is to afford 
an instantaneous passage of the flame through all the mass 
by the interstices between the grains, and the smaller 
the grains the more perfectly is the mass pervaded, and 
each grain the sooner consumed. Meal powder will not 
explode when confined. 

stiength of the powder? What is the quickest ? What best for blasting 
purposes ? VVhy ? 

(f 824.) What of the materials? What is said of graining? AVhat is 
Che object of it *. 
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(§ 825.) Fulminaimg powd£T, Take 3 parts of nitre, 
2 of carbonate of potash, and 1 of sulphur, grind tlieiaj 
together, and we obtain a powder wliieh exph:jdes y\o* 
lenUy by melt nig. Put a few grains in an iron spoon, 
•end place it on some live ^oala^ and %vhen it lias fairly 
melted it will explode with a loud report. 

Mxplanatlon, The sulphur unites with the potassium 
of the carbonate of potash forming sixlphide of potjxs- 
eium, which is highly inflammable, and being perfectly 
mingled with the nitrate, immediately decomposes all the 
nitric acid, 

(§ 326.) 2d. In making fireworks. Pyrotedmy. This 
beautiful art now forma a separate department of manu- 
facture, and lius arrived at a high degree of perfection* 
The base of all fireworks is the same as that of gunpow- 
der, the great dilterence being, that the materials are used 
as fine powder, and not grained, hence do not cxploda 
They are usually rammed into cases forming an itifinite 
variety of articles ; the leading ones being sky-rockets 
and Roman candles. Our limits forbid describing them. 
The various colors are given mostly by metals, or metab 
lie salts ; green by copper, blue by zinc, red by nitrate 
of strontian, &c, 

(§ 327.) 3d, In preparation of nitric acid. 

4th, In preparation of sulphuric acid, 

5th. In the manufacture of flint glass. 

6th. In the preservation of meats. It possesses pow^ 
erful antiseptic pro]jerties, giving the fibre great firm- 
ness, and making it retain its red color, 2.4 02. to 100 lbs, 
of meat will aflbct it sufficiently. 

Chlorate of Potash. Sym. K0,C10a. 

(§ 328.) Preparation. Pass a current of chlorine,' 
saturation, through a concentrated solution of potash. 
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n 325.) What is the fiiUninnting poTiraKr? 
(I 32ti*) What b (lie j^ccond uso of nitre ? 



now explftined 7 
What ifl the base of &U fire- 
▼oVka! How ate different colors given to fire works T 
• ( j 327.) What is Oio tttml use t What the fourth » What the fifth T 
Wbiit the Biith ? 

(I 328.) HoTf is the chlorato of potash prepared! 
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The reaction is expressed by tlie followiiur formula : 
6KO + 6C1 =-- 5KC1 + K0,C105, that is, 6 atoins of jjot- 
asli and 6 of chlorine make 5 atoms of cliloriilo of j)()ta.'-- 
sium and 1 atom of chlorate of potash. From its easy 
crystallization it is readily separated from the chloride 
of potassium. 

(§ 329.) Properties. It crystallizes in hexagonal 
plates, of a pearly lustre. Insoluble in alcohol, soluble 
in ten times its weight of water, at ordinary tcmporature. 
By heating it, it is decomposed into KCl + O. Itubbcd 
in a mortar with phosphorus, sulphur, sulphide of auti- 
mony, or charcoal, it explodes. Much care should be 
taken in experimenting with chlorate of potash. 

Wrap lightly a few grains of phosphorus and chlorate 
of potash in a piece of tin foil, and with the hand pro- 
tected with a glove, strike it with a hammer on an anvil, 
and a loud explosion ensues. 

(§ 330.) Uses. The uses of chlorate of potash are very 
important, — 

1st. In the preparation of oxygen. 

2d. In making friction matches; 80 parts of cliloratc 
of potash, 10 parts of sulphur, a small quantity of ben- 
zoin, with cinnabar or sulphuret of antimony, enough to 
color the mixture. Make it into a paste with gum- water, 
and dip the sticks for matches, previously sulphured, 
into the paste, and dry them carefully, and they will in- 
flame by friction, or dipping them in SO3. 

(§ 331.) The source of all the varieties of potash com- 
pounds, we have seen, is from land plants. This is not 
only true of them but of others, which we shall have 
occasion to notice in organic chemistry. Land plants are 
potash gatherers. 

All plants are not equally rich in potash. The pine 
contains scarcely any, while the oak and hickory abound 
in it. The new parts of a plant contain more than, the 



What is the reaction ? 
(§ 329. J What are its properties? 

(§ 330. ) What are some of its uses ? How may matches be made ?' 
(I 331.) What is the source of potash? Are all plants equally rich 
in potash ? What parts are richest ? 
8 



old, the leaves than tlie wood; succilcnt vegetables are 
usually rich iu potash. 

1000 parts of pine contain 0.45 

" " " oak wood contain 1.53 

*' " oak bark " 6,00 

" %vhcat stalks, before flowering, contain 47.00 
(§ 3S2.) TeEts far potash, 1. AVith tartaric acid it 
pjnna an insoluble precipitate of cream of tartar. The 
acid must be in excess. 

2. PerchUoric acid forms a white precipitate- 
B. Chloride of platiaa forms a yellow precipitate, 
4, If no Boda is present^ a salt of potash will color the 
extremity of the blow-pipe flame, violet. 

Concentrated sulphate of aiaminnm produces alum 
which crystallizes. 

Kut- galls, fcrrocyanide of potassium, sulphide of potas- 
sium, ammonia, caustic or carbonated alkalies, produce 
no effect on a solution of potash. 



SODIUM. 
Sym, Na. E^. 23. Sp. gr. 972. 

(I 3S3.) Distribution. Sodium is extensively dififused 
in nature, forming the basis of common salt, and enter- 
ing into the constitution of many rocks, and forming 
more or less the salts of mineral waters and the ashes of 
sea plants, 

(§ 334,) Discovery, It was discovered in 1807, by 
Davy, at the same time and in the same manner as potas- 
sium. The improvements that have been made in the 
preparation of potassium apply to sodium, and it is pre- 
pared in the same manner* 

Since the introduction of aluminum into the arts, great 
improvements have been made in the production of 



I 332.) Wlmt »re tlie touts of potnah ? 
5 3«3>) Whut h iiaid of tho dislributjoQ of Bodlum? 
'; BS4.) Vthm ^nd hy wbom was It discovered ? lUw prepared ? 
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sodium, by the action of which the chloride of alui..inuin is 
reduced. The materials employed arc carlnniatc of soda, 
30 parts, coal, in powder, 18 parts, and chalk, in j>owdor, 
5 parts. These materials are minglcil with oil, and cal- 
cined, and then again reduced to powder, and placed in 
the iron retort, and heated to a high red-heat. The chalk 
takes no part in the decomposition. The carbon alone 
effects the decomposition by taking the oxygen from the 
sodium. It must, like potassium, be kept under naptha, 
or be hermetically sealed from the air. ^ 

(§ 385.) Prox>erties. Sodium is a white metal, resem- 
bling silver in lustre, being a little harder and heavier 
than potassium. When thrown upon water, it decomposes 
the water with a hissing noise, but does not inflame the 
liberated hydrogen. It appears as a white globule, in 
rapid motion, and constantly decreasing in size. The 
relations are the same as those of potassium, with miti- 
gated properties. 

Hydrate of Pbotoxide of Sodium. Sym. NaO + IIO. 
Syn. Caustic /SbcZa. 

(§ 836.) Properties. The hydrate of soda is obtained 
in the same manner as hydrate of potash, and possesses 
the same appearance. When exposed to the air it deli- 
quesces, like potash ; but by longer exposure it absorbs 
carbonic acid and then effloresces; whereas the carbo- 
nate of potash does not effloresce, but continues to deli- 
quesce. 

Chloride of Sodium. Sym. NaCl. Common Salt. 

(§ 337.) Common salt crystallizes in cubes, with no 
water of crystallization. It decrepitates on being heated, 
owing to the small quantity of water contained between 
the plates of the crystals, which is converted into steam, 
which bursts the crystals asunder. It is volatile at a 

({ 335. ) What are the properties of sodium ? 
(I 336.) What is said of caustic soda? 
(J 337.) What is said of common salt? 
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temperature. It is nearly as golable la cold 
hot water. It is not deliqiK^scent at ordioarj stafi 
of Iitmiiditj of the air, but die deliquescence of com- 
mon salt is owing to small qiLimtities of chloride of 
magnesiiim. 

Chloride of sodium exists lu great quantities io na* 
tare. Sea-water contaios about 2| per cent, of common 
salt. SaU springs yield it lar^y. Il is fbimd in im- 
meuse quautitics in the Ibrm of rock-salt. 

Two process^ are employ ed in preparation of salt ; 
one by spontaneous evaporation, the other bj arii&^ial 
beat In hot oountxies the first is adopted, in cold or 
I j fi_^ ""^^^ temperate climates the latter. By arti- 
^K jdfc ^^ ^-^J J y ficiflu heat the crystals are small and 
^K^^^^^^9r opaque, and hopper-shaped; by spon- 
^BT^^^^^^ taneous eyaporation the cirstals are 

^^fri: tt^ ^j. lj i of ^^^o^^f ^^d nearly transparent, and it 
ctsaamSt is Called alum salt. Some sait*minea 
yield rock salt pure enough for all purposes, and only 
needs breaking np to fit it for market. 

Tbis is the case with the salt-mines of Welitzka, in 
Poland, and at Cordova, in Spain. But generally the 
^Bpek-salt is too impure for use. It is tben dlssolv^ed in the 
^Ipnallesl quantity of sea-water, and the water evaporated. 
" The Liverpool salt is the rock-salt from Cheshire, in Eng- 
land, treated in this manner. There are no deposits of 
rock-salt found in the United States. Salt springs are 
found in great abundance. The salt springs of New York^ 
Tirginja, and Ohio furnish millions of bushels of this im- 
:^rtant article of domestic consumption. The Southern 
itates might make iminensG quantities of salt by the 
mporation of sea-water on our coasts, employing the salt 
larshes that are now usel^s. 

The sea- water and salt springs contain other materials 
than salt ; but the salt crystallizes out first, and the im- 
purities are left in solution, especially if the evaporation 
is slow. The crystals are then in cubes. 

In what ilire« inTrm do^ It tiiwi ! ViTiat tw<» processes enipbjFed in 

'da prpparatiun t * 
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(§ 338.) Uses of salt. ' They are innumerable in do- 
mestic economy. It is essential in all our food. We 
demand it for health. It furnishes the acid in the sto- 
mach and the alkali in the blood by its decomposition. 
It is necessary for the preservation of meats ancf vegeta- 
bles. By its agency we are enabled to preserve the pro- 
ducts of summer for the consumption of winter. It acts 
in its preserving power probably by coagulating the most 
unstable portions of meat and vegetables, and withdraw- 
ing the water from the tissues, thus rendering putrefac- 
tion impossible. 

It is used in forming muriatic acid and chlorine. It 
is used in glazing coarse earthenware ; it being tlirown 
into the furnace, it rises and passes in vapor through 
the heated wares, and coming in contact with the 
silex, the soda unites with it, and forms a coating of 
glass. 

Carbonate of Soda. Sym. NaO -f lOHO^COg. 

(§ 339.) This salt of soda is found in the ashes of sea- 
plants. The barilla of Spain is the ashes of the Sal sola 
soda, and is the richest in the carbonate of soda. It is 
extensively imported into this country under the name 
of soda ash. In the living plant the soda is combined 
with organic acids, but in burning the carbonic acid is 
produced by the destruction of these acids. In Scotland 
the ashes of sea- weeds is called kelp, which contains much 
less of the carbonate of soda than barilla. Sea-plants 
are soda and iodine collectors. 

(§ 340.) Of late, much carbonate of soda is produced 
. by the decomposition of the sulphate, which is produced 
in great quantities in the manufacture of muriatic acid 
and bleaching powders. 

Take 1000 lbs. of sulphate of soda, 
1040 lbs. carbonate of lime, 
530 lbs. charcoal, 

(§ 338. J What are the uses of salt? 

(^ 339. i Where is the carbonate of soda found? 

(I 340.) From what is carbonate of soda now produced-^ 
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Place the mixture in a reverberatory furnace, and tlie actiou 

of the carbonate of 
lime on the sul- 
phate of soda, pro- 
duces the carbonate 
of soda and sul- 
phate of lime, by 
high beat If water 
should be applied 
to this mixture, 

RrTHrlrpTufory fuma«T for roducSni; £iilplutto of eodJi to wben cold thc re- 

lh4Tcnr>mnnto. , i » i 

/ Tij« titut^ r,n whJH-h the fnfl \t plucwd, aCtlOU "WOnld DC TG- 

a The rartlt'riiitft iM Iku Bftt.M upon, j ^^^ 

; A LolUr, in whkOi th& li^tiTiaiu in eTo|*orated to dry* VerSeo. 1 UC aotlOTl 

d Tb^fll<'r> In wblph I he ftViip<jr»tk>ii ia comniflni-ed ; wil Of the charCOal 

hefttedbytiicKunofije. preTeuts this by 

eon verting the sulphate of lime into the oxy sulphide of 
oalcium, OaS,CaO, which is insoluble. The carbonate of 
soda is then washed out. 

Soda is now manufactured by the decomposition of 
sulphate of soda bj the carbonate of baryta. 

(§ 34L} Properties. Carbonate of soda in crystals 
contains 10 atones of water. It effloresces* Heating, it 
dissolves in the water of crystallization^ and melts at 
red heat, 

(I 242.) Uses. It is used in the preparation of other 
compounds of soda, also in soap and glass making. 

Bicarbonate op Soda. Sym. NaO,2COa + HO, 

(§ 343.) Preparation, This salt is prepared by sub- 
jecting the crystals of the carbonate to an atmosphere 
of carbonic acid. These crystals lose their water of 
crystallization, and absorb 00^^, and become changed into 
a white porous mass. 

Tt is usually prepar^ by exposing the cryst^s in 
brewer's fermenting vats. The carbonic acid liberated 

Wbttt ia thft reaction? 
J 841 .} What are Its propertiea ? 
*| 342.) What uro its iisei!? 
I 84S.) How is the bicarboiaatc of eoda prepared? 
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in fermentation, transforms the simple carbonate into tlie 
bicarbonate. 

(§ 344.) TJses. The bicarbonate of soda*is employed 
mostly for the carbonic acid it contains. It is used in 
making soda powders, and Seidlitz powders, and the 
digesiive pastiles of Darcet, and numerous effervescing 
compounds besides. 

Soda powders. In the white paper, 35 grs. tartaric acid. 
In the blue paper, 3 scruples bicarbonate of soda. 

Seidlitz powders. Add 2 drachms of Eochelle salts to 
the blue paper of soda powders. 

Darceis digestive pastiles, 2 drachms bicarbonate of 
soda, 14 oz. loaf-sugar, 4 drops of oil of peppermint, 
made into pastiles with mucilage. The best form for an 
antacid. 

(§ 345.) There is a sesquicarhotiate of soda, 2NaO,3C02, 
called natron^ that comes from India, Egypt, and South 
America. It results from the spontaneous action of 
common salt on the carbonate of lime. It is obtained 
in commerce, and used in soap and glass making. 

BiBOEATE OF SoDA. Sym. Na0,2B03 -f lOIIO. Borax, Tincal. 

(J 346.) Borax is obtained in commerce from Asia and South America, 
in an impure form, under the name of Tincal. It is in irregular masses, 
covered with a greasy substance, to prevent loss by its efflorescence. It 
is purified by dissolving off this greasy matter by soda, and then dis- 
solving and recrystallizing it. It is also obtained from the hot springs 
of ItAly, which abound in boracic acid, which is neutralized by soda. 

(2 347.) Properties. It is slightly alkaline in its reaction, the 
boracic acid being a weak acid. It effloresces immediately on exposure 
to the air. Undergoes aqueous fusion, and at red-heat melts into a 
colorless glass. 

It makes the oxides of the metals melt at a comparatively low tempera- 
ture, forming a glass, which is colored according to the oxide used, and 
is hence used in blow-pipe operations, for detecting the different metals. 
Manganese gives violet, the oxide of iron dull green, cobalt blue, chro- 
mium green, and copper red or blue. 

Bend a piece of platina wire so as to form a small ring on one end ; 
moisten this, and dip it in powdered borax ; heat it in a flame of a spirit 
lamp, and it will form a clear transparent bead ; moisten this, and dip 

n 344.) What are the uses of Na0,C02? 
\\ 345.) What. is said of the sesquicarbonate of soda? 
\\ 346.) Whence do we derive borax ? How purified ? 
(I 347.) What are its properties? How used in blow-pipe experi- 
ments ? What is the manipulation ? 
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How ua<!ful in soldo ring ttiQliils ? 

(I MS.) WJuU is Baki of the compoimda of aiUcio acid! What are 

these compoitnds cjilbd * Wliat besides alkalies must entet into the 

constUuiion of glass 'i Why ? What other hases are usxially employed 1 

(§ 84*J,) How nmnj prineipal kiads of glaas ? Wbat is common glass ? 

Whnt Is boith gltvEs t Wiiat is flmt glaais^ \\\\tvt Qt\\cic \\i^i4\^^fl,v\oTi%t 

{^ SMJ How arc thu matciiivls prtpatadi ^NW^t U ^tYuvxi^'*. 
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x\ in the 0^1 de of any siotal, and sahjcct it to tho action of the blow- 
pipe till J I is perfectly meUed, and the bead will aasnnie the color given 
by the particulnr oxide. 

Boftiz IS use<!! extensiTcly in joinipg metali by heat- It acta by dis- 
ntjlving tbt' oxides of the mentals iliat form on the surface at red-heat, 
and wkh them form a glass, that covers the surface uf the mctal^ and 
protects it from further action of the air. 

Silicate op Soda. Glass, 

(§ 348.) Silicic acid forms nomerous compounds with 
tlie alkalies, as various in tlieir properties as the propor- 
tions of the mcatcrials employed. These compouuda are 
called glass. For priictical purposes it is necessary that 
some earthy or metallic base sliould be present to make 
the glass resist the aetion of water, and the acids, and, 
at the same time, keep the point of melting as low as 
possible. If the silitmtca of the alkalies alone are used, 
there must be such an excess of silex that they are 
difficult to work from the great heat required for melt- 
ing. Lime and oxide of lead are the bases usually em- 
ployed. 

(§ 349.) There are three principal kinds of glass: — 

1. Common glass, such as window-glass, has for bases 
lime and soda. 

2. Oreen boUk-glass has for bases lime, potash, soda^ 
oxide of iron, and alumina. 

3. Flint glass has potash, soda, and oxide of lead. 
Besides these great divisions, there are innumerable 
modifications made by different manufacturers^ and for 
different purposes, to wliicb the glass is applied. 

(§ 350.) Wliatever kind of glass is to be made, the _ 
materials are first reduced to powder, and, being mixed ■ 
in the ]iroper proportions, arc subjected to moderate heat| " 
when incipient \atrification takes place. This process 
13 called yhViiV*^. 
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The materials are then transferred to pots, and placed 
in a furnace, where the highest heat which can be pro- 
duced is applied and sustained for several days. The 
materials are melted to a perfectly fluid state, and are kept 
in this condition until all the air-bubbles have risen to the 
surface, and the mass is perfectly homogeneous. The heat 
is then slackened, till the glass is reduced to a pasty con- 
sistence, when it is manufactured into the various articles 
of use by processes as various as the articles formed. 

(§ 351.) Common -windoi^-glass is manufactured out 
of pure sand, carbonate of soda, and lime. Soda gives 
a greenish tinge to glass ; hence, when we look at the 
edge of a pane of glass it looks green, because we look 
at a mass as thick as the pane is wide, whereas, when we 
look through it ordinarily it is thin, and gives little or 
no color. 

(§ 352.) Green bottle-glass is made of coarse materi- 
als, sand, soda-ash, common ashes, clay, and old glass. 
Of course there can be no uniformity of composition, 
when materials of such varying constitution are em- 
ployed. The dark color results from the metallic oxides 
present, being mostly iron and manganese. 

(§ 353.) Flint glass is made of pure materials — 
Pure carbonate of potash, 1 

Eed lead, 2 

Pure sand, 3 

This is a bisilicate of potash and lead. This glass, by 
the presence of the lead, is easily melted, is easily cut, 
is heavy, and refracts and disperses light more powerfully 
than any other common substance; hence, is employed for 
optical purposes. A small quantity of peroxide of man- 
ganese is used to destroy any color that may be present. 
On this account manganese is called glass-maker'' s soap. 
Iron is the impurity, which gives the color, in the state 
of protoxide; manganese converts the silicate of the 
protoxide into the silicate of peroxide, which is nearly 



What is then done with the materials t Y?\veTV t^\ji^^ \.q \i^ \ja^^\ 

J(? 361.) What is said of window-glass t 
'^Ko\^^t^^ of^reen bottle-glass? 
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colorless in small quaEtitles, Tbe silicate of peroxide of 
niangani'i^o is purple, but in converting tbe protoxide of 
iron into the peroxide, becomes itself reduced to the 
protoxide, whicb silicate gives bttle or no color, so tbat 
the action of two highly -colored substances on each other 
■educes both to a colorless state. 

Arsenic (arseiioua acid) is nsed in glass-makings in 
small quantities, to produce a homogeneous mixture, by 
the greater fluidity given to the melted glass ; in larger 
quantities, to give partial opacity to glass for making 
many articles. 

Oxule qf tin (stannic acid) is used to give opacity to 
glass, which gkss is called enamel 

(§ 3oi) Glass, by repeated heatings, or heating it with 
sand^ undergoes the change of deviirificatio% which is 
losing a part of its soda, or potash, when it becomes nearly 
opaque and crystalline. This is often piirjjoseli/ done to 
imitate porcelain, and vncauiiQiisly by repeated heatings 
in the bands of the artist, and the glass is spoiled for his 
work, 

(I 355.) If glass is cooled suddenly it is brittle, and 
often breaks spontaneously. This is o^ving to its being 
brittle, and a bad conductor of heat. The outside cools, 
while the inside is hot, and the inside afterwards cooling 
contracts, and produces a constant strain on tbe outside 
particles^ whicb sometimes yield, without any external 
agency ; at others a very slight cause breaks the equi- 
i librium, and tbe article llies in pieces. 
^K Frince RiiptTi^& drops are drops of melted glass let fall 
^K A ^^^^ ^^^^ water. The outside is suddenly cooled, 
^H II and forms an unyielding envelope. The inside 
^^ 1/ then cools and contracts, and is constantly draw- 
\ ^/^ ing upon the outside^ like a prassure upon an 

' iCuL Rn-^^^^^* ^^^ ^^ ^^^ ^^ ^^*^ stone is removed all fall 
pori"«tin<p. to ruins. So by the minutest scratch or break, the 
Top falls to pieces. Bohgna viah are explained in tbe 

osido of mflngsmese ca\hd glairs maker^s soapt What i^ tU« ir^ost com- 
mon impurity in glui^a ? F^r wliat is ars^nio UBtdT Oxide of tin? 
(i B&i.) Wlmt is deTitrificntioTi ? 

(i S56.} Why h gi.'wjs cooled suniieulif brittWt Esxjlum Princfl 
Huperi > drops. BoJogna vials. 
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same way. Hot water, turned into a tumbler, breaks it 
by expanding the glaiss where it touches, while the opi)o- 
site side remains unaffected, and the glass, being brittle, 
breaks. This explains why a thick glass vessel will 
break by suddenly heating it, while a thin one may be 
heated with impunity. 

(§ 356.) Annealing. Glass is annealed by putting the 
articles into an oven of brick or stone with tliick walls, 
and heated nearly to redness, and after being filled with 
recenlily made articles, it is closed up, and allowed several 
days to cool. The cooling is so slow that the equilibrium 
is kept up between the inside and outside surface, and 
all cool alike, so that there is no strain on any part. 

(§ 357.) Glass as an ornament. Most of the gems 
are now imitated by glass, and to such perfection is this 
branch of art carried that it is difficult to detect the imi- 
tation. The French, especially, have excelled all other 
nations in producing artificial gems. 

The glass operated upon is flint glass. The colors are 
communicated by the metallic oxides. For green, the 
oxide of chromium is used ; for blue, oxide of cobalt ; 
purple, manganese; yellow, oxide of antimony. When 
glass is heated to a certain temperature, it may be drawn 
into the finest threads, and becomes as pliable as silk, 
and may be wrought into fabrics, which are used as orna- 
ments. 

Glass, which contains lime, is of the least specific gra- 
vity, that with lead the greatest. 

Deoxidizing agents act on glass made of lead. Water 
often produces a change in the alkaline silicates on the 
surface of glass, and by dissolving out a portion the 
glass becomes covered with a thin film, which gives the 
surface an irridescent appearance. 

Fluohydric acid attacks glass as water does sugar or 
salt. 

Why does a tumbler break by putting hot water in it ? Why "will not 
a thin glass vessel break ? 

(§ 356.) How is glass annealed ? How does it affect the glass ? 

(I 357.) How are glass ornaments produced 1 \?Yi«^, \^'a«a> \^ \\afcW 
How are the colors produced ? How may fin© fhr^aida \ift Y^^i^\\R,^^^ 
fFbat effect has lime ? What agents act on cVasst \?\i«X. ^^^^\. \si \?c<>- 
dacedf What ofSuohjrdric acid ? 
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(§ 358.) Btirjta is substituted for lime in glass niaktng, 
it being heavier and harder. The oxide of £;inc has also 
been bt that i tilted for that of" lead, with favorable rejsnlts. 
Window-glass is colored by the same materiak as'goma, 
but in a diflferent manner. If the coloring matter it 
cheap, as tho oxide of manganese, tlie whole masa m 
colored, but if expensive, only a thin film is colored, 
which is accomplished in the following manner. When 
the workman has got glass enough on his rod to make 
his cylinAi^r, he tiips it into another pot of glass colored 
of the desired hue, and a thin coating sticks to the mass. 
When it is blown the film spreads over the whole sur- 
face, so that when we look through it, it all looks like 
colored glass. This principle is applied in mating vari- ' 
ous colored ornaments, such as beads, A color is often 
given to colorless glass in a sctp by putting a piece of 
colored paper beneath it. Cheap jewelry aftbrds nume 
rous examples. 



Sulphate of Soda. Sym, NaO^SO^ + lOHO. 
Gkinber^s Salts. 



(§ 359.) Properties. The sulphate of soda has a bitter 
taste, crystallizes in six-sided prisms, transparent, efflo- 
resces, Yery soluhle in hot water, much less in cold. It 
is most soluble at about 90°, the solubility diminishing 
as the temperature is elevated or depressetl ; that being 
the temperature for maximum solubility* If a boiling, 
saturated solution he made, and the surface covered with 
oU, it will cool, and not crystallize; but if the oil be 
pierced, the whole mass crystallizes at once, and the 
temperature is suddenly raised. 

Sources. It exists in small quantities in sea-water, 
but tlij demands of commerce are supplied from the 
nianufacturies of chlorine and muriatic acid, 

(§ 3ij0,) Uses, It is used in making the carbonate of 
soda, and sometimes in medicine, and as a fertilizer- 

(I 36a) For TTliat is liarjin substitutodt Oiii!© ©f jtlne? flow ia 
ritidow-gksa colored ? 

f^ Sd9,) What arc the propcrtlca of sulphate of soria ? Where does it 
pBi f 

UJ60.} For what b it used? 
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Sulphite of Soda. NaO,SOa. 

(2 361.) This salt is prepared by passing a current of sulphurous acid 
%.l&rough a solution of carbonate of soda, NaO^COj, the sulphurous acid, 
SOi, displacing the CO,. 

Uses. This salt is used as a deoxidizing agent in analysis, and in 
t,lio neutralization of chlorine used in bleaching fabrics, and in prevent- 
ing the acetous fermentation of wines, and in refining beet sugar. 

It is decomposed in the air, foruiing Eulphatc of soda. SSuluble in 4 
parts of water. 

Hyposulphite of Soda. Sym. NaOS202 + 5II0. 

(2 862.) It is prepared by dissolving sulphur in the neutral sulphite 
of soda, and crystallizing from the solution. 

It is used in dissolving off the film of iodide of silver on daguerreo- 
type plates. 

Phosphate op Soda. 

There are a number of phosphates of soda, but they are of too little 
interest to demand our attention. 

Niteate of Soda. NaOjNOs. Soda — Xitre. 

(2 863.) The nitrate of soda deliquesces, which is a singular fact in 
relation to potash nitre, since the salts of potash arc usually deliques- 
cent, and those of soda efflorescent. This soda nitre cannot be used in 
the manufacture of gunpowder, on this account. It is found in unlimited 
quantities in South America, especially in Chili and Peru. It is used in 
making nitric acid. 

Hypochloeite of Soda. NaO,C10. Labarraque's Bleaching Liquid. 

(J 864.) Preparation* This liquid is prepared by passing a current 
of chlorine through a solution of carbonate of soda. The hypochlorous 
acid unites with the soda, forming the hypochlorite, and the liberated 
CO2 unites with an undecomposed portion of the carbonate of soda, and 
forms the bicarbonate. 

The hypochlorous acid is formed by the decomposition of an atom of 
the oxide of sodium by the CI ; the oxygen liberated forming an atom of 
CIO ; thus expressed — 

3NaO,C02 + 2C1 = NaO,C10 + NaCl + NaO,2C02. 

(J 865.) Properties* It is of a pale yellow color, with a peculiar 
odor, not of chlorine ; bleaches readily, especially if an acid be added 
to the solution ; alkaline in its reaction. One of the best disinfectants 
Used in medicine, especially in cases attended by bad odors. 

(J 861.^ What is said of sulphite of soda ? 

} 862.1 What is said of the hyposulphite of soda? 

! 868. J What is said of the nitrate of soda ? 

J 364.1 How is the hypochlor'te of soda piepared? 
(I 865.) What are its uses ? 
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(I :i66.) Tests Tor Slid a. TUe ealta give a jellow color to the blow 
pipe isimc. Tlicj^ are more characteriEed bj negative than hy positive 
properties. They predpHate no reagent except antimooiate of potash^ 
which produces in a soda solution a white precipitate. 
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BARIUM. 
Sym. Ba. Sp. gr. 4.25. Eq. 68, 

(I 867,) BAniuM resemble h silver, melts at red-heat, unites readily 
with oxygen, and is cpnverred into 

OxjDE OF BaeIVm, EaO. Baryta. 

(I 366.) It is prepared by decompoging the carbonate by heaf, or 
better by deeompoiiing the nitrate by the same means, 

Fropertiets. Baryta has a groat affinity for watery ia of a grayiah 
■whilE^ color, and liberates much hent TPhen slaked by water. It forms 
tljc Jiydrale of baryta, BaO -|- IJO, wldch is soluble in ten times its 
weight of water- Baryta ia a Yioleat poison. 

Its specific gruvity is much greater than similar oompounds, and from 
this oivcumstance it derives its name. 

Baryta is used to obtain oxygen from the atmosphere. If a current 
of dry oxygen is passed over the anhydrous oxide of bariunt^ it is con- 
verted into the binoxide, whitih is decomposed at red-heat, yielding up 
the oxygi^Uj that it had absorbed from the air. Thus baryta may bo 
made to absorb and yield up oxygen indefinitely. This oxygen pos- 
sesses shiguhir properties. It has a strong odor, burns ammoniai acts 
on the iodide of potassium, decomposes chlorobydric acid, is a powerful 
deodorizing agent. 

{\ 369.) The earhonnU of bttryia occurs as a mineml in th€ earth, and 
is used in the preparation of other forms of haryta. 

(\ 370,) The stiiphtU6 of hfiryin ia called heev^ apar. It is a mineral 
mass eecurring in great quant i ties, and is employed in adulterating 
white-lead- 

The nitrate and muriate of baryta afe soluble, and used in the labora 
tory as tests, especially for sulpburio acid, Chromate of potash precipi- 
tates haryta. 



I 
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J 8t56.) What are the testa for soda? 
I 367.) What is said of barium? 

I 368,) How is the oxide of bai'ium prepared? What arc the pro- 
perties of baryta ? How may oxygon he obtained by its use ? What 
are the characters of this oxygen ? 

(J 309.) llow does the carbonate of baryta oecurf 
(I 370,) What is said of the aulpliatc of baryta ? What of the nitittte* 
and miiriateB ? Whoi used fjr? 
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STRONTIUM. 
Sym. Sr. Eq. 44. 

(J 871.) Properties similar to those of baryta. 
The nitrate of strontian is used in fireworks, in communicating a red 
tint to flame. 



CALCIUM. 
Sym. Ca. Eq. 20. 



(§ 372.) Properties. This metal is like silver in 
appearance. Melts only at a higli temperature. Decom- 
poses water at ordinary temperatures. Obtained by the 
action of the battery on quick-lime. 

Oxide of Calcium. Sym. CaO. Lime. Sp. gr. 2.3. 

(§ 373.) Preparation. It is obtained by heating the 
carbonate of lime to redness. Limestone, marble, chalk, 
&c., are carbonate of lime. 

It is manufactured in large quantities by heating the 
common limestone in large kilns or furnaces. The pre- 
-sence of watery vapor facilitates the decomposition of 
the carbonate of lime. It will yield up the carbonic 
acid at a lower temperature in the presence of gaseous 
substances. Hence even the currents of air, that traverse 
open kilns, cause the decomposition sooner than in close 
vessels. Stone dug recently from the earth decomposes 
more readily than that which has been long dug and 
dry. 

(§ 374.) Properties. It is alkaline, of a grayish white 
color, cp.ustic, destroying animal and vegetable tissues. 
Infusible at any furnace heat. 



f| 371.) What is said of strontian ? What is the nitrate used for ? 

(I 872.) What are the properties of calcium? 

(I 373.) How is the oxide of calcium prepared ? How manufactured'. 



What circumstances aid the production ? 
(J 374} What are the properties of CaO % 
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Lime tliiis prepared is called quick-lime. If water bo 
allowed to fall upon it the temperatm^e soon rises, the 
volume incrtiaseSj and the mass falls to powder. This ia 
called slakinff. The heat is occusioned by the solidiiica- ■ 
tion of the water. Water to the amount of about one- ■ 
third the weight of the lime is rendered solid, in con- 
verting the lime into a hydrate. This is the hydrate of 
lima, CaOJlO. 

Lime will slake by simple exposure to the air It 
absorbs water from the air, and then carbonic acid, so 
that it is converted again into the carbonate of lime; 
hence air-slaked lime is good for nothing, where quick- ■ 
lime is demanded. I 

Quick-lime is but little soluble in water* At ordinary 
temperatiu'e it requires 700 parts of water to dissolve 
one. In boiling water it is still less soluble. It will 
remain suspended in water, and is called milk tf Ume. 

(§ 375.) XJBes of lime, 1st Making ordinary mortur 
is the most important use of lime. Mortar is 1 of Hme 
and 6 of saiKh It hardens by absorbing carbonic acid 
from the air, being converted into the carbonate of lime 
aiifl so gradually, that it assumes in time a partially crys* 
talline state. The sand acts only mechanieully. It server 
to divide the lime, and gives a chance for the access of 
COi, and forms nuclei around which the carbonate of lime 
is formed, 

2d. It is used in plastering ; under similar conditions 
the plaster hardens. 

3d. It is used in removing hair from skins. It dis- 
solves the cuticular substance around the hair, and 
allows it easily to slip out. Hence used by tanners. 

Depilatory powders always contain lime. Lime and 
sulphide of arsenic are the usual ingredients in depila- 
tory powders, 

4th. In purifying gases^ and making ammonia, and 

What 13 tliU lime caUed ? IVhat is ihe prcK^esa of slaking! How is 
the bcjit occttsbnoti ? How miicli wutcr is solidified r Wliat Ib air- 
flkkGd Hmc? What of thu BoKibllUy of Hmo? What ig milk of limo? 

(^375.) Wliftt is (ho firat ua&T What is mortttr? How docB it 
hardtmJ WUat if ihc second use ? Whul ia ili© thiM ustt^ Whai h 
ihe fourth f 
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taking carbonic acid from the alkaline carbonates of 
potash and soda. 

(§ 376.) Hydraulic cement is an impure lime, containing 
from 10 to 20 per cent, of silicate of alumina. It hardens 
under water. The hydraulic character of this lime is 
thought to be owing to a chemical combiuation of the 
silicic acid with the lime and alumina, forming a silicate 
of alumina and lime. The reason is not well understood. 

Chloeidb of Calcium. Sym. CaCl. 

(J 377.) This combination is readily produced by saturating muriatic 
acid -with chalk or limestone, and evaporating it to dryness. 

It is very deliquescent, and is used in drying gases, and from its 
BolubiUty is used as a reagent when lime is demanded. 

Fluoride op Calcium. Sym. CaFl. Fluorspar y Derbyshire spar. 

({ 378.) This is found native in beautiful crystals of green and purple, 
and is wrought into ornaments. It is used in the laboratory to yield 
fluohydric acid, for etching on glass. It phosphoresces on being 
heated. 

Phosphide, oe, Phosphuret of Calcium. CaP. 

(J 379.) Is formed by making the vapor of phosphorus pass over 
heated lime. 

Uses* It affords a ready means of obtaining phosphuretted hydrogen, 
as it is decomposed on being thrown on acidulated water, forming the 
oxide of calcium, and phosphuretted hydrogen by the decomposition of 
water, the hydrogen uniting with the phosphorus, and the oxygen with 
the calcium. 

Cabbonatb of Lime. CaO,C02. Marble, Chalk, Lime- 
etone, Calcareous Spar, Oyster Shells, dec. 

(§ 380.) Forms. This salt of lime 
is found under a great variety of forms, 
and assumes a great diversity of proper- 
ties. Crystalline, it is found in marble, 
calcareous spar, and aragonite. Amor- 
phous as in chalk, rotten limestone, and crystal carbonate of lime, 
calcareous tufa. Tn^^^^^s ^°"''^ ""''"^ 

(} 376.) What is hydraulic cement? 
f| 377.) How is CaCl made ? What are its uses ? 
I 378.) What is said of fluoride of calcium ? For what used ? 

1 379.) How is phosphuret of calcium prepared ? For what used ? 

2 380.) Under what forms is CaO,COj found 1 
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Carbonate of lime is soluble ia carbonic acid, hence, 

mineral springs 
often coiitam large 
quantities of it. 
The waters, on 

coming to the air, 

^-^ ^^^^^^^^^^^^^^^^■fe«r' loss the carbonic 

acid, and the car- 
bonate of lime is 
deposited, as sial- 
actltes, sialmjmikif 
and calcareous, tu- 
tii»|UBimiktnor$iaiutitutAttbe toEiof aiL.'(^vi», fa^ OF travertin. 
M^M^iu^^ith^mi.^. The springs of 

Sau Fllippo, in Tuscany, aro so charged with carbonate 
of litne that they encnist any articlea, by exposing them 
in th^i spray wher€ the water trickles down. The deposit 
calku tmtrrtm 




L^LHIATE OF LiKK. Sym. CaO^SOa- Oypsum, Plasler of 
PariSf Sekiute^ 

J S8l.) This salt is less abundant than the former, 
iui is found in hirge qnantities in some places. It is 
u^ixl iti the urt5 mid in agriculture. It is employed ia 
lht> iwiA for nuiking easts, and in forming hard finish in 
ulikiiinnng. 

A?4 tvikeu from the earth it is called plaster ^ or gypsum. 
If iutendtnl for use in the arts, it is broken up ioto large 
p*ooo4* and put into a kiln and heated, by which the 
water m drivtni olt and the phister is red need to an anhy- 
iJrv>nH ^tate, \v)iou il is more friable, and more easily 
groimd to powdLT. In this form it occurs in commerce 
undor tlie nrnue i>f prt-pitred plasier. 

To mti it, wet it up with water to a semi-fluid consist- 
ent, and use it iinmodiately, and it will soon set or 
harilen, taking the exact irapression of any mould in 
whieh it may bo cast, as it expands in hardening, A 

WImt uutno.^ dms H rakf» wbcn d&poFiteJ from wafer ? 
(I «Hi.) Ful' MfKut ia I he sulpbale of lime used! Whut 13 plasler or 
gyp^timT What i$ preniu'uil planter! How used! What is stueeo* 
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little elevation of temperature facilitates tlie liardcnin<^. 
The cause of the hardening is, that the water in wliidi 
the material is suspended is used in forming the hydrate. 
A solution of glue renders it more solid, and it may then 
be polished, and is called stucco. 

Alum renders the plaster still harder, and makes it 
almost equal to marble. 

Sulphate of lime is slightly soluble in water, and often 
renders water hard. 

(§ 382.) There are ioxxT phosphates of lime. Bones are 
tribasic phosphate of lime, expressed by the formula 
3CaO,P05. The phosphate obtained by the action of 
SO3 on bones, is expressed by CaO,2I10,P05. This is 
called the superphosphate, and is used as a fertilizer. 

Hypochlorite of Lime. TennanCs Bleachhig Powder. 
Sym. CaO,C10. 

(§ 383.) Manufkcture. This salt is manufactured by 
exposing, in large rooms of masonry, the hydrate of 
lime, on shelves, to an atmosphere of chlorine. 

The chlorine unites with the oxygen of^the water 
forming hypochlorous acid, and this, with the lime form- 
ing hypochlorite of lime, the hydrogen uniting with 
another atom of chlorine, forming chlorohydric acid, 
which unites with the lime forming muriate of lime. 
Or, we may conceive the direct union of the chlorine 
with the calcium, forming the chloride of calcium, CaCl, 
and the liberated oxygen, uniting with an atom of CI, 
forming hypochlorous acid, 010, which unites with the 
hme forming the hypochlorite of lime, OaOOlO. The 
reaction would be thus expressed : — 

20aO + 201 = OaOl + OaO,010. 

Bleaching powder, then, is a mixture of muriate of 
lime and hypochlorite of lime, the latter only bleaching, 
Tlnless an acid is applied. 

What effect has alum? What effect does sulphate of lime have on 
water ? 

n 382.) What are bones ? What effect has SOs on them ? 

(I 383.) How is hypochlorite of lime manufactured? What is the 
reaction ? What is bleaching powder ? 
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This salt is extensively employed in bleaching fabrics, 

especially cotton and linen, 

(§ BBi.) Character of the salts of Ume : — M 

Bulplmric acid gives a white precipitate. ^ 

Oxalic acid gives a white precipitate^ solnble in nitric 

or mnriatic acid* 

Potash or soda^ or their carbonates^ give a white pre- 

cipitate. 

The salts of lime communicate a reddish yellow flam^ 

to alcohol, with the blow-pipe. 




MAGNESIUM. 

Syra, Mg, Eq. 12.2 



(§ 385,) This metal^ magnesinm, is of no practical im^ 
portance. It forms some compounds of great interesi 
The most prominent among them are the following : — 



Oxinn ^F Maq:sK51UM, MgO. Magnesia. 
Magnesia. 



Calcined 



(§ 886.) This compound is found free in nature ; an 
in combination with siilpbiiric acid is found in sea-watei 
and in many springs, giving them nmch of their medS 
oinal value; with carbonic acid it is associated with thf 
carbonate of lime, forming magnesian limestone, or dot 
omiie; combined with silicic acid^ it forms the silicate o{ 
magnesia, from which Epsom salts is mannfaetured ii 
large quantities, 

(§ 387.) Properties. The oxide of magnesium is a 
white light powder, known in the shops eus caMn^d mag- 
nesia. It is infusible at the highest furnace heat, and 
on this account gives the resistance to the eftccts of beat, 
to fire stone and fire brick* It is very slightly solu- 
ble in water- It is insoluble in solutions of potash and 



(J 384. J What arv llie Ic^fa of limet 
{I S85.J What Ih eaiti uf nrngncsUini ? 
(I S8G* ) Where is oitkle of magoesmm found ! 
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soda. It forms a good antidote to acid poisons, as it is 
harmless itself, and produces generally inert or innocent 
compounds. Even with arsenous acid it forms an inso- 
luble compound, and of course can but little aftect the 
system. Next to hydrated sesquioxide of iron it is the 
most valuable antidote to arsenic. 

Sulphate op Magnesia. Sym. MgO,S03. Epsom Salts. 

(§ 388.) Dififusion. This salt is familiar, as a common 
medicine, in every household. It occurs in many mine- 
ral springs. The Seidlitz Springs in Bohemia, and the 
Epsom Springs in England, abound in this salt. It was 
long confounded with sulphate of soda, but Dr. Black 
pointed out the difference. 

It is used only in medicine, its chemical relations being 
unimportant, and has no application in the arts. 

(§ 389.) The silioates of magnesia enter into the com- 
position of the most abundant rocks. Talc and serpen- 
tine are composed in a great measure of the silicate and 
hydrate of magnesia. Pyroxine, and many of the most 
ancient rocks, contain the silicate of magnesia. 

(§ 390.) Carbonate of magnesia occurs in nature, and 
is prepared as a light, white article, sold in shops as 
lump magnesia, mjagnesia alba, used as an antacid. 

(§ 391.) The citrate of magnesia is an elegant pre- 
paration of magnesia, to be used as a medicine. It may 
be prepared either as a .powder or as a fluid. 

It may be made extemporaneously by taking 6 drachms 
of citric acid, 2 drachms of calcined magnesia, 1 ounce 
lemon syrup, and 12 fluid ounces of water, and a few 
crystals of bicarbonate of soda, or potash. Put all in a 
bottle, but the last, and have them perfectly mixed, and 
then drop in the crystals and cork immediately, and it is 
ready for use. For making the powder all the materials 
must be perfectly dry, and the syrup added when the 
powders are used. 

{§ 388.] Where is Epsom salts found ? How is it used ? 
({ 389. J Where are the silicates of magnesia found ? 
(I 890.) What is said of the carbonate of magnesia ? 
(I 391.) What is said of the citrate of magnesia t 
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ALUMINUM. 

Sjm. Al. Eq. 13.69, Sp, gr. 2.56. 

(892.) This metal promises to become of much impor- 
tance ia the arts, provided it can be procured in suflicieiit 
qimntLtics, and at a sufficiently low rate. It is one of the 
most abundant metals^ occurring in exhaustless quanti- 
ties in all soils, being the basis of clay. 

(§ 393.) PreparatioiJ. It is prepared by the action 
of sodium on the vapor of the chloride of aluminum. ■ 

Place in a tube some chloride of aluminum, isolated" 
by loose pbiga of asbestos^ pass through the tube a cur- 
rent of dry, pure hydrogen, to displace all the atmo- 
spheric air, and, by applying heat, drive off all the 
volatile substances. Now place in the tube some pieeea^ 
of sodium, and raise the temperature high enoui^di to J 
volatilize the chloride of aluminum, and as its vapor 
comes in contact with the sodium, the chlorine will leave 
the aluminum and unite with the sodium, forming the 
chloride of sodium, common salt, and the aluminum is^ 
liberated. ^ 

Eecent improvements have greatly reduced the kbor, 
and consequently the expense of producing aluminum. 
Sodium is now produced as readily as zinc; and tlieJ 
chloride of nluminiim is formed by passing a current of « 
chlorine over a mixture of alumina^ charcoal, and chlo- 
ride oF sodium. This affords a double chloride of aUtnii- 
nmn and sodium, which is volatile and liquciable. This, 
mixed with bits of sodium, and heated in a reverberatory^ 
furnace, readily produces the aluminum, which is freedt^ 
from impurities by simple wasln ng. 

(§ 394.) PropertieB. It is a white metal, resembling 
gilver, having, however, a slightly bluish tinge. It melts 
between the temperatures of silver and ssino ; ia a goo(J« 
conductor of heat and electricity. Does not tarnish iw^ 
tha air, is not oxidi;&ed by heat. Is more sonorous than 
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any other simple metal. Will not form amal<rams, nor 
alloys with lead ; unites readily with iron and silvci*. Is 
very ductile and malleable, and possesses great tenacity. 
Is not acted on by water, unless the metal is highly heated, 
when it decomposes water, forming a crust of alumina 
on the surface of the metal. Nitric or sulphuric acid 
does not act on it at ordinary temperatures. Chloro- 
hydric acid is its true solvent. Sulphuretted hydrogen 
does not act upon it. The alkalies attack it. Owing to 
its lightness it promises to be specially useful in making 
fire-arms, and articles, that are with difiaculty used from 
their weight, made of other metals. 

Aluminum promises to be one of the most important 
metals, in its alloys. Aluminum bronze, recently made, 
is composed of 90 parts of copper and 10 of aluminum. 
It is as tenacious as steel, and promises to be of great 
use in making friction surfaces, and in the construction 
of pistols, and even cannon, and all implements of war. 
Solder, for aluminum, is composed of zinc 80 and alumi- 
num 20, the amount ranging from that to 94 of zinc and 
6 of aluminum, according to the uses. 

Alumina, Oxide of Aluminum. Sym. Al:i03. Pure 

ClaTj. 

(§ 395.) Alumina, with silex, forms the various clays 
that enter into the constitution of the soil. 

Many precious stones are pure alumina. 

The ruby, sapphire, corundum, and emery are pure 
alumina, colored by metallic oxides. 

Artificial crystals of sapphire have been obtained by 
heating in a crucible lined with lampblack, potash, alum, 
and sulphate of potash, the last two having been previ- 
ously calcined. 

The hydrate of alumina is easily obtained by precipi- 
tating it from a solution of common alum by ammonia. 
It forms a gelatinous precipitate, which is hydrate of 
alumina. By red-heat it becomes anhydrous. 

What is aluminum bronze ? What is the solder ? 
(J 396.) How does alumina occur? What gems are ^uy^ a.\wxKai"ft.\ 
How is the hydrate obtained ? 
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(§ 396.) Properties. It is soluble, as a hydrate, in 
acids and alkalies,- and seems to form both an acid and 
base, but neutralizes neither. With potash it forms a 
different compound that may be crystallized, and might 
be called ^he aluminate of potash. Anhydrous alumina 
is insoluble in either acids or alkalies. It has a power- 
ful affinity for coloring matters, and is used in forming 
lakeSy and in dyeing as a mordant. It is infusible at the 
highest furnace heat. 

It contracts by drying, and at high temperatures. It 
has a powerful affinity for greasy substances, and is 
hence used under the name of fuller's earth, for cleans- 
ing woollen cloths, and for taking up grease-spots on 
floors, &c. 

The compound blow-pipe heat will fuse small quanti- 
ties of it, and if a minute quantity of chromate of potash 
is added, a true ruby is produced. 

Native hydrate of alumina is gibbsite. 

It is an essential portion of soil. Loam is a mixture 
of alumina, silex, iron, lime, potash, and some organic 
matter. 

Alumina may be most beneficially employed in sepa- 
rating the proximate elements of plants, many being 
precipitated by it, and others not, thus often affording a 
ready means of separating them. 

Chloride of Aluminum, AI2CI3, 

(§ 397.) Is formed by passing dry chlorine gas over a 
mixture of alumina and charcoal, heated to redness. 

Alum. 

(§ 398.) Alum is a compound salt, and is represented 
by the formula K0,S03 + Al203,3S03 + 24HO. 

(§ 399.) Preparation. It is formed by turning toge- 
ther saturated solutions of sulphate of potash and sul- 

(§ 300.) What nro Us properties ? What arc lakes ? For what used ? 
For what has it a powerful affinity ? For what may it bo employed ? 

f^ t'fOT.) How ii* tlio ohiorido of alummum "^T^i^aiX^d.^ 

a 808.) What Is ftlum? 
(g 890.) How 10 it proparod? Ho^ f otm^id Vii tv^v>«^1 
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phate of alumina. But there is no necessity of forming 
it in the laboratory, as it is formed spontaneously in 
nature, by exposing to the action of air and moisture 
argillaceous schists, containing iron pyrites. The iron 
and sulphur absorb oxygen, and are converted into oxide 
of iron and sulphuric acid, which form sulphate of iron 
and sulphate of alumina. The sulphate of iron crystal- 
lizes first, leaving the sulphate of alumina in solution ; 
add sulphate of potash, and we have alum. 

(§ 400.) Properties. Alum crystallizes in octahe- 
drons. It melts in its own water of crystallization, which 
by continued heat forms a dry porous mass, called burnt 
alum. 

Lakes used for painting are formed by the use of alum. 
Dissolve any coloring matter in water, and add alum and 
precipitate the alumina with some alkali, and the alumina 
will hold the coloring matter forming lakes. 

The acetate of alumina is preferred in calico printing, 
as the acid is more easily separated, and is much less 
powerful. 

Alum has an acid reaction, as the aluminatc of potash 
has an alkaline reaction, the alumina not completely 
saturating the body with which it combines. 

(§ 401.) Alum aflfords a striking example of isomor- 
phism. The potash may be replaced by soda or ammo- 
nia, and the alumina by the sesquioxides of iron, chro- 
mium and manganese, thus forming five different forms 
of alum, having the same form of crystallization, and pos- 
sessing similar properties. 

(§ 402.) The superphosphate of alumina is used in the 
refining of sugar, displacing the use of blood in this 
operation. 

Pottery-ware. 

(§ 403.) All forms of pottery- ware, from the coarsest 
jugs and jars to the finest porcelain, have alumina as 
the base. The plasticity is given by alumina. 



(I 400. J What arc the properties of alum t Ho^w ?itT^ \a\^t?. Iwm^^X 

/1 401 J What of the isomorphism of alum? 
// "^^^^''J Porwhat ia the superphosphate of alumina. ms^OlI 
(^403.) What forma the base of all pottery-^ we *t 
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alumtnt™:. 



The clay suitable for pottery -ware must, first, form a 
paste easily with water ; second, receive and retain aa 
impression ; third, dry into a firiiij hard body ; and, fourth^ 
wlien heated to redness, become no longer plastic withj 
water, nor affected by its action, 

(I 404.) There are two great classes of pottery- ^varo: 
1st Opaqne common earthenware j 2d, Semi-transparent 
ware, or porcelain. The former is a combination of 
si lex and alumina only, which is infusible at furnace j 
heat; and the other contains potash, and of cours^ 
forms a glass with a portion of the silex, so that porce- 
lain is a mixture of earthenware and glass. The me- 
tallic oxides also will produce a partial vitriflcation* 
Common earthenware is more or less porous, and hence, 
when intended to contain fluids, it is necessary to eoat 
the articles with an impervious covering. This is done j 
by a glazing, which is glass. After the ware has beenj 
baked it is dipped in a fiuidj containing the elements of 
glass in suspension, so that in the furnace the coating of 
glass will be formed. Articles, that are to be used at 
varying temperatures of heat and cold, should have the 
glazing to contract and expand as the body of the war< 
does, A defect in this respect in cups and saucers an 
plates, causes a multitude of cracks, which extend only 
through the glazing* Lead enters into numerous glazes' 
in the form of litharge. The ware, after having been, 
bakedj has lost its water, but is very porous, and has 
strong affinity for water, so that when dipped in th< 
fluid glazing, the ware absorbs the water, and the gla^ins* 
materials, held in suspension by that water, arc deposited 
on the outside, so that when heated they form a coating 
of glass. Salt is thrown into furnaces of coarse ware, 
and being volatile, the soda unites with the silcx and 
forms a glass. 

(I 405.) Pottery -ware is formed in three ways — 



WLat ftro the requisites of good clay ? 

( j 404.) What tT^-o classes of pottery- tt are ? How diitinguished ? HftW 
is glaring ndcompliBlied ? What care should be tiiken io i-egard to LhA 
cxpansiou and coEtractiou of the globing? How la coarso ware gtn^ed? 

(I 401) How is pottery-ifaro formed! What are used for the difer- , 
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1. By the liand, on a potter's wheel. 

2. By pressure, in moulds. 

3. By casting, in plaster moulds. 

Ware that is to be ornamented, has the colors put on 
after it has been baked, but not burned. The colors are 
metallic oxides, as in glass. 

Blue, oxide of cobalt. 

Oreen, sesquioxide of chromium, or protoxide of copper. 

Brown, sesquioxides of iron and manganese. 

Yellow, oxide of titanium, chromate of lead, sesqui- 
oxide of iron, antimoniate of potash, and sesquioxide of 
Uranium. 

Red, oxide of copper and sesquioxide of iron. 

Violet, purple of cassius and oxide of manganese. 

Black, oxide of uranium, sesquioxide of iridium. 

In fine wares it is not allowable for the fires in burn- 
ing them to come in contact with the wares. They are 
enclosed in comparatively coarse and refractory cases 
called seggars, so that the wares are simply heated free 
from all external action. 

Pure clay alone is not suitable for the manufacture of 
wares, from its shrinking so much. This is obviated by 
the addition of a substance called the cement, which is 
usually silex. It keeps the particles of clay from ap- 
proaching each other, and the clay forms a coating around 
the particles of silex. 

This cement often becomes intimately incorporated 
with the clay, and forms a vitreous compact mass, as in 
porcelain; at other times it forms no such union, and the 
mass is porous, as in common earthenware. 

If the clay is pure the ware is white, if it contains per- 
oxide of iron it is red, and the mingling of various 
oxides gives the ware various colors. 

Feldspar, which is a double silicate of potash and 
alumina, affords the porcelain clay by its decomposition, 
losing a portion of its potash. Various mixtures are 
made, however, in each manufactory for the constitution 
of their respective wares. 

ent colors? What are seggars and their use*l ^N\\y \a i^oV, ^\\x^ Oiw-^ 
suitabJe for ware? How does silex act? Wi^cu \a Wv^i \5a.\fe niV\\»\ 
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Trac Ama-ware k made of kaolin, wliich is decom- 
posed feldspar, and feldspar in proportioDS of 76 of tlie 
former and 24 of tte latter ; but instead of thi^ composi- 
tion, sand, gjpsum, lime, bones, cbalk, borax, oxide of 
tin, marl, and other articles, oi\en enter into the eompo- 
fiition of porcelain in different manufactories, 

Stone^ware is similar to porcelain, but consists of plastic 
clay and Cornisb-stonc, which is a mixture of feldspar 
and quartz. This is often called graniU-warCj or Wedge* 
wood's ware. 

(§ 406,) Tests for aluniiiia, 1, Salts, colorless; taste, 
astriagent. 

2. Potash, soda, or ammonia gives precipitates which 
are soluble in acids, or the fixed alkalies, 

3. With sulphate of potash crystals of alum are ob- 
tained. 

4. Nitrate of cobalt gives a beautiful blue to the salts 
before the blow-pipe. 



I 




MANGANESE. 
Sym. Mn. Eq^. 27.6. Sp. gr. 8. 

(§ 407.) MjiNGANESE was discoyered by Scheele, 
1774, 

It is obtained by the actioti of carbon on the peroxide 
of manganese, by the aid of heat* 

Brunner has prepared manganese by the action of 
sodium ou the chloride of manganese. The mixture is 
poured into a Hessian crucible, and covered by a layer M 
of salt, aad this with a layer of fluorspar in coarse grains. | 
The crucible is tlieo gently heated, and the reaction takes 
placa It is then heated to a high heat, and allowed to _ 
cool slowly, ■ 

^^P Whit fontia portrtikm olay t Whut U true cliitiQr^are ? Wbit is stone 

W (f 41H1.) Wha! reels for nltimSim T 

■ (^407,) W'hmi am* l>y wJu^m wa:* mangiinc^o discovered? How ol^ 
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The metal resembles cast-iron ; is very brittle, extremely 
iiard, scratching the hardest steel ; receives a high polish; 
sxcted on by acids; cuts glass like the diamond. It may 
oome into use from its hardness, and brilliancy, and alloys. 

Black or Peroxide op Manganese. Sym. MnOs. 

(§ 408.) This substance is found abundantly in nature, 
€^nd is generally called manganese. It is a neutral oxide, 
X^ossessing neither acid nor basic properties. Take away 
<:Dne equivalent of oxygen and it is a base, add one equiva- 
lent and it is an acid. Heated to redness and it loses a 
j)ortion of its oxygen, being reduced from Mn02 to MnaO^ 
or MnO + MuaOs, that is, from 3 atoms of the peroxide wo 
obtain 2 atoms of oxygen, which may be thus expressed: 
SMnO. = Mn304 + O2. 
It is of a dull black color, easily pulverized, and in 
"the laboratory is found in powder. 

(§ 409.) Uses. It is employed in making oxygen and 
chlorine. The preparation of chlorine is its most import- 
smt use. It decomposes chlorohydric acid, taking away 
its hydrogen, and setting the chlorine free. The follow- 
ing formula expresses the chemical reaction — 
MnOa + 2C1H = MnCl + CI + 2H0. 
That is, 1 atom of peroxide of manganese and 2 atoms 
of chlorohydric acid make 1 atom of chloride of man- 
ganese, 2 of water, and 1 of chlorine. 

(§ 410.) Sixty-one grains of pure binoxide of man- 
ganese ought to liberate 1 quart of chlorine. On 61 
grains turn 1 J cubic inches of CIH, and 1 quart of chlo- 
rine will be liberated, if the oxide of manganese is pure. 
The value of manganese may also be determined by the 
action of oxalic acid; 20 grains of pure manganese will 
yield 20 grains of carbonic acid. 

Manganese is also used in cleansing and coloring glass, 
as already noticed. The various colors given by man- 

(§ 408.) What is said of the binoxide of manganese ? How does heat 
aflFcctit? 

(^ 409.) For what is it used? How is its action in making chlorine 
explained ? 

(2 410.) How much chlorine ought 61 grs. of manganese to liberate t 
How u«ea in relation to glass ? 
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ganese to glass and porcelain are owing to the state of 
combination. 

Manganic Acid. MnOs. Chameleon Mineral. - 

(§ 411.) Manganic acid is prepared by heating 1 part 
of peroxide of manganese, IJ of caustic potash, 1 of 
chlorate of potash, to a low red-heat, in a crucible. It 
forms the manganate of potash. It forms a green solu- 
tion with water, which changes to various tints of red 
and pink, and finally becomes colorless, by depositing 
the peroxide of manganese; hence callea chameleon 
mineral. 

The cause of these changes is the passage, in the first 
place, of the manganate of potash into the permanganate, 
and then by the union of the carbonic acid of the air 
with the potash, decomposing the permanganate, it is 
reduced to the peroxide spontaneously. An excess of 
potash will retard these changes. 

The symbol of the permanganic acid isMn2207. These 
salts are very unstable, yielding the oxygen with great 



(§ 412.) Tests. Heated with nitrate of potash and 
carbonate of potash, in the blow-pipe flame, will give a 
green solution in water. With borax it gives a purple 
color to the borax bead in the oxidizing flame, and the 
color disappears in the deoxidizing flame. 



IRON. 

Sym. Fe. Eq. 28. Sp. gr. 7.8. 

(§ 413.) Iron is the most important metal. Absolutely 
essential to the existence of civilized society. The arts 
and sciences must cease to exist without the aid afforded 

(J 411.) IIow is manganic acid prepared? What are its properties? 
Why called chameleon mineral ? What is the cause of these changes ? 
(I 412.) What are the tests of manganese? 
(\ 413 ) What is said of iron ? 
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by iron. No other metal can supply its place. It pos- 
sesses important properties that no other metal possesses, 
and it combines in itself almost all the properties of all 
the other metals, under varying circumstances. It is 
malleable and brittle ; hard and soft ; fusible and infusi- 
ble ; may be welded ; is susceptible of magnetism ; per- 
manent and evanescent ; expands at the moment of con- 
gelation. 

Diffusion, It is the most abundant metal, and most 
extensively diffused. It is found in all earths, animals, 
and vegetables, and in most waters. 

It has been known from the remotest antiquity, but the 
means of its reduction, by the ancients is not now known. 
It was with them the symbol of war, and was called 
Mai's. 

It seldom exists in a native state. It is most com- 
monly combined with oxygen, sulphur, and carbonic 
acid. 

It occurs in commerce in three forms, wrought-iion, 
casl-iTon, and steel 

(§ 414.) Pure wrought-iron is pure iron, but as it oc- 
curs in commerce it is seldom pure. It contains a small 
quantity of carbon, and the other impurities retained in 
its reduction. The purest iron we can get is from iron 
wire. For all practical purposes this is pure enough. 

Chemically pure iron may be produced by passing a cur- 
rent of hydrogen over the pure sesquioxide of iron heated 
to redness in a tube. Iron thus formed is a black powder 
in a state of extremely minute division, and when exposed 
to the air takes fire. It is called the iron pyrophorous. 

Let iron powder, produced by a fine file, be suspended 
by a magnet, and the flame of a lamp be brought near 
it, it burns, and by a slight jar of the magnet a shower 
of burning iron is produced. Lead in like conditions is 
equally combustible. Here are two common metals that 
we consider almost incombustible, that burn brilliantly 

Wiat ef its diffusion? What was it called by the ancients? What 
we its common ores ? In how many forms docs it occur ? 

(J 414.) What is the purest form of iron? How may chemically 
pure iron be obtained ? What are its properties ? 
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ganese to glass and porcelain are owiEg to the state of 
combination. 

Mangajs^ic Acid. M11O3. Chamdeon Mineral * 

(§ 41 L) Manganic acid is prepared by heating 1 part 
of peroxide of manganese, IJ of caustic potash, 1 of 
chlorate of potai>b, to a low red-heat, in a crucible. It 
fornifs the manganate of potash. It forms a green solu- 
tion with water, wbieh changes to various tints of red 
and pink, and linally becomes colorless, by depositing 
the peroxide of manganese; hence called chameleon 
mineral. 

The cause of these changes is the passage, in the first 
place, of the manganate of potash into the permanganate, 
and then by the union of the carbonic acid of the air 
with the potasli, decomposing the permanganate, it is 
reduced to the peroxide spontaneously. An excess of 
potasli will retard these changes. 

The symbol of the permanganic acid isMn2207, These 
salts are very unstable^ yielding the oxygen with great 
facility. 

(I 412.) Tests. Heated with nitrate of potash and 
carbonate of potash, in the blow-pipe flame, will give a 
green solution in water. With borax it gives a purple 
color to the borax bead in the oxidizing flame, and the 
color disappears in the deoxidizing flame* 
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(§ 413.) Iron is the most important metal, 
essential to the existence of civilized society, 
and sciences must cease to exist withont the aid afforded 

[I 411.) How is mangank flcid prepnr(?(l ? What are its properties? 
Wliy callei:l clmmcleori nuncran Wjmt is ilio cause ef Ihcae cliaiiges ? 



(g 413) Whftt 18 said of iron t 
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tj iron. No other metal can supply its place. It pos- 

^ssses important properties that no other metal possesses, 

^Qcl it combines in itself almost all the properties of all 

^^e other metals, under varying circumstances. It is 

^^o.lleable and brittle ; hard and soft ; fusible and infiL^i- 

'^l^ ; may be welded; is susceptible of magnetism; per- 

^^a.iient and evanescent ; expands at the moment of con- 

^^1 ation. 

Xifiusion. It is the most abundant metal, and most 
^^^tensively diffused. It is found in all earths, animals, 
^^*^<i vegetables, and in most waters. 

3t has been known from the remotest antiquity, but the 
?^^ans of its reduction, by the ancients is not now known. 
■!r"t was with them the symbol of war, and was called 

It seldom exists in a native state. It is most com- 
^^^only combined with oxygen, sulphur, and carbonic 

It occurs in commerce in three forms, wrought-iron, 
^cirs^iron, and steel. 

(§ 414.) Pure wrought-iron is pure iron, but as it oc- 
^Xirs in commerce it is seldom pure. It contains a small 
Quantity of carbon, and the other impurities retained in 
its reduction. The purest iron we can get is from iron 
"Wire. For all practical purposes this is pure enough. 

Chemically pure iron may be produced by passing a cur- 
rent of hydrogen over the pure sesquioxide of iron heated 
to redness in a tube. Iron thus formed is a black powder 
in a state of extremely minute division, and when exposed 
to the air takes fire. It is called the iron jpijrophorous. 

Let iron powder, produced by a fine file, be suspended 
by a magnet, and the flame of a lamp be brought near 
it, it burns, and by a slight jar of the magnet a shower 
of burning iron is produced. Lead in like conditions is 
equally combustible. Here are two common metals that 
we consider almost incombustible, that burn brilliantly 

Wtat of its diffusion? What was it called by the ancients? What 
arc its common ores ? In how many forms does it occur ? 

(J 414.) What is the purest form of iron? How may chemically 
pure iron be obtained ? What arc its properties ? 



called broitm hemcUlte, It also occurs in amorplious masses, 
and is called red hematite. 

It colors claya red as in bricka, and is the greater part 
of red chulh Specular iroti ore, and micaceous oxide of 
iron, are formed of the sesqui oxide. It is easily prepared 
bj roasting green yitriol, when the sulphnric acid is driven 
off, and the protoxide of iron is converted into the ses- 
qaioxide. It is then called colcotlmr and rouge, and is used 
in polishing. 

(§ 419.) The hydrated sesquioxide of iron is prepared by 
converting the protos til p hate of iron into the perfsulphate 
by means of nitric acid, and then precipitating the per- 
oxide hy an alkali. It is a reddish brown mass, and in 
this state is an antidote for arsenic. By heat it loses its 
water, and if the heat be carried to redness it will no 
longer unite with acids. The sesquioxides of alnmina 
and chromium are similarlj affected, 

)By white heat it loses a portion of its oxygen, and is 
converted into the 
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Maqnehc Oxide, FcaOi- Black Oxide of Iron, 

(I 420.) When iron is burnt in oxygen, the magnetic 
oxide is produced. When steam is passed over red-hot 
iron, this oxide is formed. The scales that fly from the 
iron, when hammered by the blacksmith, are mostly of 
this oxide. The magnetic oxide is supposed by some to 
►be a mixture of the protoxide and sesqnioxide, and not 
a regular compound. This is supposed to be proved by 
the tact that if the magnetic oxide be dissolved by an 
acid, and then a small quantity of alkali be added^ not 
enough to precipitate more than half the base, the ses- 
quioxide will alone be produced, and the proto.-^alt re- 
main unaffected. Some consider the magnetic oxide a 
tialt, FeO acting as a base, and FeO^ as an acid. 

This oxide occurs in nature in large masses, as mag- 
netic iron ore. It is tlie I^KidstoiiCj or nattircd jna^neL 
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How prepared ? What is it called ! 
' (i4l9.) JIovv is the hydrated sesquioxide of iron pttjpju'ed? For 
wlml la it used ? 
(^ 420.) \fhi}ti \s iht inagnotic oxide produced ? Utiw ia it considered 
by iiomc^? /f f* tt b j oM i e rs ? W h i\ t v a Wadst out 1 



IRON. 203 

Fessio Acid. FeOt. 

(I 421.) This compound of iron is only known in combination with 
^'^ses, forming /<frrfl/M. 

It is obtained by heating 1 part of iron filings and 2 parts of nitre, 
^Oy NO5, to a high heat, or more satisfactorily by passing a current of 
chlorine through a concentrated solution of caustic potash, holding in 
suspension the hydrated peroxide of iron. Th* ferrate of potash is 
^"^I'tned, and is deposited as a black powder. This powder may be dried 
^^ a clean brick. It gives a red solution, very unstable, resembling the 
P^^*xnanganate of potash. 

There are four sulphurets of iron. Only two will be 
Noticed :— 

Sulphide of Iron, Protosulphuret of Iron. FeS. 

(§ 422.) This compound of iron is readily prepared 
Py mixing 20 parts of flowers of sulphur and 30 parts of 
^i*on filings, and heating them in a crucible. Before the 
temperature rises to redness a combination takes place 
'Vvith incandescence. This substance is found in nature, 
^nd undergoes decomposition, forming green vitriol. It 
Occurs in bituminous coal, and makes it fall to pieces 
When exposed to the air. It often occurs in lignite, pro- 
ducing the same result. 

Moistened iron-filings and sulphur will unite sponta- 
neously; and in large masses so rapidly as to inflame the 
sulphur ; and when placed under ground forms Lemery^s 
volcano. 

This sulphuret is employed in the laboratory in mak- 
ing sulphuretted hydrogen. 
The sesquisulphuret of iron is of no interest. 

Bisulphide of Iron, Bisulphuret of Iron. FeS^. 

(§ 423.) This substance is found abundantly in nature, 
and called iron pyrites, fooVs gold, - 

It is of a yellow color, often resembling the color of 
gold, more commonly brassy, occurs in cubic crystals. 

(§ 421.) How is ferric acid prepared? What are the properties of 
the ferrate of potash? 

(J 422.) How is the protosulphide of iron prepared? When does it 
occur ? What effect doe» it produce ? What is Lemery's volcano ? 

(J 423.) What is said of the bisulphide of iron? What are its i^ro- 
perties ? 
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It is usually unaffected by air and moisture, but iliere are 
varieties of it, that undergo decomposition, forming the 
sulphate of iron, copperas. 

There are two chlorides of iron : — 

pROTOCHLORiDB OP Iron. Fe,Cl -f 6H0. 

(§ 424.) This chloride is obtained as a hydrate by the action of chlo- 
rohydric acid on iron filings. By evaporation it forms green crystals, 
which contain C atoms of water. 

It is used to obtain pure iron. 

Sesqukhloride of Iron. Fej,Cls -j- 5H0. 

(J 425 ) It is prepared by dissolving iron in a mixture of chlorohydric 
and nitric acids. 

Yellow crystals are obtained by evaporation, containing 5 atoms of 
water. 

It is used as a reagent in the laboratory ; it is used in medicine. It 
is also used as a disinfectant. 

Sulphate of the Protoxide of Irok. FeO,S03. Cop- 
peras, Oreen Vitriol. 

(§ 416.) This is a very common substance, of exten- 
sive use and application. 

It is prepared from iron pyrites, by lirst heating the 
pyrites to get rid of a part of the sulphur, and then ex- 
posing them to the action of air and moisture. 

In the manufacture of alum also large quantities of 
copperas are produced. 

It crystallizes in oblique rhomboidal prisms, and the 
composition of the crystals is expressed by the formula 
FeOSOallO + 6II0, soluble in twice its weight of cold 
water, and | its weight of boiling water. Effloresces in 
the air, becoming changed in its constitution by absorb- 
ing oxygen, being a basic sesquioxide ; similar changes 
occur in solutions of copperas. 

(§ 4-! 7.) Uses. It IS extensively used in dyeing and 
calico printing, also in the manufacture of Prussian blue, 

(J 424.) What is said of the protochlorido of iron? For what used? 
{\ 425.) What is said of the sesquichloride of iron ? For what used? 
(§ 42G.) How is copperas prepared? What is the composition of the 
crystals of green vitriol ? What are the properties ? 
(§427.) \Khatareit8u?es? 
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ubi in reiiacing indigo to a soluble condition. It is oni« 
plovted in meiicine. Black ink also is pn.*parK.\l ti\>in 
snlpliate of iron. TLe following composition is a gvKxl 
ini: — ^Xofigalls lib., logwood 6 oz., copperas 6 oz.. su^rar 
2 oz., gnmamble ♦> oz« water 1 J gallons. Boil tlie giills. 
L:gvo«>i and gum separately, mix the infusions, auJl iuid 
tae o^pperas and sugar. This makes an excellom aiul 
cheap ink. 

Sulphate of the Pekoxide of Iron. Fe^iO^^SSOj. 

(I 428.) It is obtained by adding nitric acid to a Kill- 
ing solution of the protosulphate of iron till it is clear. 

It is used as a reagent in the lalwratorv. 

Oxalate of the peroxide of iron is very sensitive to 
light, and may be usefully employed in photography. 

Manufacture of Irox. 

(§ 429.) There are but two classes of ores used in the 
manufacture of iron, viz., the oxides and carbonates. 
The iron is not good manufactured from ores that con- 
tain sulphur, phosphorus, or arsenic. The ores arc first 
roasted, to drive off any volatile materials, and to make 
them more easily reduced to small pieces. The ores arc 
all mixed with a greater or less quantity of other matters. 
Those most common are silex, clay, and lime ; the latter 
is less frequent than the two former. In reducing the 
ores of iron it becomes a matter of interest to get rid of 
those foreign substances. To do this, a substance called 
a flux is used. If the impurities are silex, or clay, or 
both, lime is used, so as to form a glass with either or 
both of them, which readily separates from the iron in 
the form of slag. If lime is present, clay and silex are 
used for the same piirpose. 

(§ 430.) Iron is usually produced in the form of cast 

i2 428.) How is the persulphate of iron produced ? 
J 429.) What two classes of ores of iron are produced ? What ofToot 
haTe sulphur, arsenic, and phosphorus ? What are the most oonimon 
impurities of iron ores ? How are silex and clay got rid of? How docs 
lime remove them ? 
({ 480.) How is iron usually produced \ 
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or jjifj iron 




in blast-furnaces. These farnacea an; im- 
mense gliimnoys, or stacksj sit a* 
ated on the side of a bill, so that 
all tlie materials may be put in 
at the top of the chimney. The 
shape of the cavity of the fur* 
nace is like the frustums of two 
cones placed base to base, the 
upper one having the longest 
axis, and the lower one is called 
the bosses, and terminating in a 
short cylinder^ called ibe cruci- 
bkf which receives the reduced 
mctah At the top of the crucible 
^ there arc two or three holes, 
through the thick walls, for pipes 
from the bellows to enter. These 
blowing- holes are called tuyere ; 
they are placed on opposite sides 
of the crucible, if but two. 
{% 431.) The furnace is charged by filling it wdth coal, 
and then placing upon it a greater or less amount of ore 
and flax, which is usually limestone. The coal of course 
burns with the greatest intensity at the tuyeres, and as 
it burns away the charge of coal and ore sinks clown. 
In every few feet that it sinks down new charges of coal, 
ore, and flux are added, to keep the furnace always full 
The following are the chemical changes that occur in one 
of these charges as it descends. At first the heat drives 
off all watery vapor and volatile substances from all the 
materials, and the carbonic acid from the lime. As it 
grows hotter the oxygen of the ore begins to unite with 
the carbonic oxide that rises from below and forms car- 
bonio acid, and tlie ore is reduced to pure iron, or wrought- 
iron; the clay and silex begin to unite with the lime, form- 
ing a fusible glass, wbich sinks down with the iron, Thest* 



A A Becticm of* bUnrfinrnftce. 
h Tim fhiipeof the IntvHtir, 

K Th« crutilffe \n whlL'h tbe Iron 
Mis. 



How IB the furcao© eonslruclad ? What U liie oruqible T What are 
tlie tuyeres ? 

(J 431.) How la ilm furnace charged! Wiiat ohomioal changes occur! 
What decompu$ea the axido of iron t How arc the claj and silex 
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processes are completed by the time the materials get to 
*he bottom of the first cone, then the iron unites with 
'tihe carbon of the fdel, and l3ecomes cast-iron, and runs 
nnto the crucible. Now for the changes that take place 
upwards from the tuyeres. The oxygen of the air unites 
with the carbon, forming carbonic acid, producing the 
greatest heat of the furnace. This carbonic acid rises 
among the materials above, and is decomposed and re- 
duced to the state of carbonic oxide, which in its ascent 
deoxides the iron ore, and escapes as carbonic acid. So 
that we have carbonic acid at the bottom and top of the 
furnace and carbonic oxide in the middle. There is some 
hydrogen escapes from the top of the furnace, arising from 
the decomposition of water contained in the materials. 

These conditions of the blast-furnace have been inves- 
tigated with great care by Ehelmen, of which the above 
are the most important. 

When the iron and glass arrive at the crucible, the 
iron being much the heaviest occupies the lower portion, 
while the slag or cinders occupy the upper portion, and 
flow out at an orifice left for their escape at the top of the 
crucible. When the crucible is full of iron, it is tapped at 
the bottom, through a hole stopped by a plug of clay, and 
the metal runs out into depressions made in a bed of sand, 
forming half-cylindrical portions called pigSy or pig-iron. 
(§ 432.) There are two kinds of cast-iron, white and 
gray. The white is hard and brittle, and is used only in 
those articles where wear is applied, as plough-points, 
gudgeons, bearings, &c. The gray is soft and tough, and 
is employed in all lands of ordinary castings, as stoves, 
hollow-ware, &c. The difference between these two 
kinds is thought to be owing to the way in which the 
carbon is combined. In the white it is more closely 
united than in the gray, and is occasioned in the furnace, 
by varying temperatures, and by the cooling ; slow cool- 
ing making gray iron, and sudden cooling white. 

affected ? How is the iron affected in the lower part of the furnace ? 
How is the air that comes in at the tuyeres affected in its progress up- 
wards ? What is the condition of the cast-iron and slag in the crucible? 
Bow is the slag got rid of? What is pig-iron ? 
(§ 432.) How manj kinds of cast-iron? WViai ax^ Wv^^l '^Qt'v\^»^. 



Cast-iroBj thus described, contaim 2.5 per cent, of cn" 
bon, some silica, and some manganese, both of whic^^-^ 
tend to make it harder and more suitable for niakiii; 
some varieties of steel. 

(§ 43B.) Transformation of cast-iron into Twroiiglit^ ' 
iron, Tbis end is accomplished in Yarious ways; th^^ 
object of all is to get rid of the carbon, 1st. The earborr 
is burned out in a forge^ when the blast is directed on tin 
mass of iron, and the oxygen of the air burns out the car 
bon. This is called a Catalan forge; the wrought-iron bein 
made directly from the ore, 2d, The east-iron is melt( 
in the reverberatory furnace, called VLi^uildUng-furnace^^vM 
the oxide of iron added to it. The oxygen of the oxides 
unites with the carbon of the cast-iron, and burns it up, 
thus aiding tbe heated air that is playing upon the melted 
metal* During all the time the melted mass is stirred bj 
the workmen to bring new surfltces to the air, and mingle 
the oxide with the iron. From a perfectly fluid state, in 
wli u^h the mass first is, it becomes thick, and then waxy^ 
and finally so stiff tliat it may be rolled np into balls. 
These balls arc called hufSf and are hauled out of the 
fiirnacCj and cither pounded out into bars under a huge 
hanimer, or rolled between massive cylinders. To make 
tlie iron fibrous and tough, these bars are cut up into short 
pieces, which are placed on each other and welded toge- 
ther, and drawn out again. 

Steel. 

(§ 434.) Steel contains less carbon than cast-iron, sel- 
dom exceeding 1 per cent. Steeh for coarse purposes, 
is often made directly from pig4ron, by burning out a 
part of the carbon. 

The best steel, howerer, is made by a process called 
cermniatmn. This process consists in filling an iron box 

used? What la the difference? How occasioned ! How muoli carbon 
In it? 

{I 483,) Ifow is oast-iron coiiTcrted into wrouglit-iron ? What is ilio 
first process ? Whiit la such n* fnrDace ealled? Wimt is ibe second f 
Whn.t changes take plaeo f What are loiips ? How is tLe iron miLdo 
Um%\\ t 

(i 484,) What is b\w\ ? What is tjic proijesa of oeraentwtlcHi t Wlial 
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lined with fine clay with bars of iron, immersed in char- 
coal powder — ^first a layer of the powder, and then a 
layer of bars of iron, until the box is full. This is 
heated many hours at a high heat, during which time 
the carbon unites with the iron, forming t/'>/tr^v/- steel. 
Various modifications are made by manufacturers, but 
the above is the essential part of the process. Some 
mingle salt with the charcoal powder, supposing it to 
improve the steel ; probably it does improve it, by the 
union of sodium with it. Manganese, silex, silver, and 
some other metals, are supposed to add to the useful pro- 
perties of steel. 

/SAear-steel is manufactured from blistered-steel, by 
cutting bars of blistered-steel into sliort pieces, and 
-welding several of them into one mass, and drawing the 
mass out again into bars. Cast-steel is prepared by melt- 
ing the blistered-steel, and running into ingots, which 
are drawn out. 

The objects gained by converting iron into steel, arc, 
1st, to get greater hardness ; 2d, greater elasticity ; 3d, 
greater compactness, or fine grain ; 4th, more sonorous- 
ness. All these properties are gained in a greater or less 
degree by heating and cooling, or tempering. If steel 
is heated to redness, and plunged into cold water, it be- 
comes very hard and very brittle, and is nearly useless 
for all purposes, except for files. It must be tempered, 
and each kind of use requires a certain kind of temper. 
The state of the tempering is distinguished by the color 
the steel assumes, by difierent degrees of heat, the tint 
occasioned by a thin film of oxide formed on its surface. 
At 430° the surface is yellow, and is the temper for 
fine cutting instruments, as pen-knives and razors. At 
490° it is of a brown color, the proper state for scissors, 
shears, &c. At 550° it becomes of a bright blue, the 
right temper for springs, swords, &c. 

is blistered-steel? What is shear-steel? What is cast-stccl? What 
objects are gained by converting iron into steel? How are these objects 
gained? How is the tempering varied? How distinguished? AVhat 
causes the color ? What is said of the state of the carbon in different 
kinds of ^ecl and cast-iron ? 
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The carbon in white cast-iron and hardened steel 
seems to be in a different state of combination from what 
it is in gray cast-iron and steel, not hardened. When, 
the former are acted on by acids they leave no residuum, 
but the latter leave a residuum of graphite, or carbon iiL 
a state resembling graphite. 

(§ 435.) Case-hardening. It is sometimes desirable 
to have a part of an article hardened and a part not, 
that it may have hardness and toughness at the same 
time. This is accomplished by heating the portion 
required to be hardened in contact with carbonaceous 
substances. This is called case-hardening j as the ham- 
mer of gun-locks, the back being soft iron, the front of 
steel. 

(§ 436.) Meteoric iron. This iron is usually alloyed 
with nickel, cobalt, and sometimes with manganese, and 
contains phosphorus and silica, and sometimes sulphur 
and carbon. It is the only form of native pure iron on 
the surface of the earth. It is supposed that the cele- 
brated Damascus blades were manufactured from meteoric 
iron. They are celebrated by the Arabian poets as heaven- 
descended. These masses have fallen from the sky, in 
weight from more than half a ton to a few ounces, and 
in number from a single one to hundreds at a time. 
Their origin is yet doubtful. 

(§ 437.) Uses of iron. Iron enters into every depart- 
ment of life. Trade, commerce, manufactures, arts, sci- 
ences arc dependent on iron for all the usefulness they 
confer. 

It is used directly or indirectly in the preparation 
of all useful materials. It forms our engines, builds 
our roads, erects our houses, * furnishes them with the 
varied objects of interest or necessity. It prepares the 
soil, fits the grain and products of our farms for market, 
forms our ships, and governs every movement on the 
great highway of nations. 

(J 435.) What is sometimes desirable? How done? What is the 
process caUed ? 

(J 43G.) What is said of meteoric iron ? 
(J 437.) What is said of the uses of iron? 
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(§ 438.) Galvanized iron is prepared by covering the 
fri>n with a coating of zinc, which is accomplished by 
iinmersing clean iron into a bath of melted zinc, which 
forms an alloy with the iron, which does not rust. 

Tinned iron. This is common sheet-tin, of which 
bvxckets, pails, and pans are manufactured, and is formed 
i^n. the same manner as galvanized iron. 

(§ 439.) Tests for iron. Nutgalls is a good test for 
^riy of the salts of iron, forming a blue or black. 

Yellow prussiate of potash is equally good, forming a 
deep blue. 



CHROMIUM. 
Sym. Cr. Eq. 26.7. Sp. gr. 5.9. 

(2 440.) Chromium was discovered by Vauquelin. It is prepared by 
^scposing to a very high heat an intimate mixture of the scsquioxide of 
obromium and charcoal. More recently it has been prepared by pass- 
ing the vapor of sodium with hydrogen over the heated chloride of 
chromium: the^metal is reduced in the form of cubic crystals, which are 
exceedingly hard and brilliant. These crystals resist the action of 
aqua regia. An alloy of chromium and iron is exceedingly hard, 
scratching tempered steel. 

It is of a gray color, hard, scratching glass. Has little affinity for 
oxygen. Is dissolved in its ordinary form by sulphuric and chloro- 
hydric acids, disengaging hydrogen. 

There are four compounds of chromium and oxygen : — 

Protoxide, CrO, Chromic Acid, CrOs, 

Sesquioxide, Cr^Os, Perchromic Acid, Cr207. 

Peotoxidb of Chromium. CrO. 

(2 441.) This oxide is of little interest, as its nature and compounds 
have been but imperfectly investigated. 

Sesquioxide of Chromium. Cr^Os. 
(§ 442.) This is one of the most important compounds of chromium. 

(2 438.) What is galvanized iron ? What is tinned iron ? 
(I 439.) What are the tests for iron ? 

(I 440.) How is chromium prepared? What other process? What 
are its properties ? What alloy of it ? 
(J 441.) What is said of the protoxide of chromium ? 
(H42.J- - • • 



What is said of the sesquioxide ? How is it prepared 1 
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It is employed in chrom© green for paint, and in coloring glass and 
porcelain green. 

It is prepared in various ways. The following is as convenient as any : 
Mix equal weights of bichromate of potash with flowers of sulphur, and 
ignite the compound, and we obtain scsquioxide of chromium, and sul- 
phate of potash. The sulphate of potash is washed out by hot water. 
KO,2CrO, + S = CrjOj + K0,S08. 

(2 443.) Properties. It is of varying shades of green, depending on 
the mode of preparation, and the condition in which it is found. The 
anhydrous oxide is of a bluish green color, not soluble in water, but 
soluble in acids and alkalies, if it has not been heated, but, like the 
scsquioxides of iron and alumina, when heated to redness, does not 
readily unite with the acids or alkalies. 

CuEOMio Acid. Sym. CrOs. 

(§ 444.) Preparation. This acid is readily prepared by adding to 
a hot, concentrated solution of the bichromate of potash, sulphuric acid. 
This acid crystallizes ; the crystals must not be heated or brought in 
contact with organic substances, as either will produce decomposition. 
They may be dried by placing upon a piece of new brick, or a piece 
that has recently been heated. 

(§ 445.) Properties. It is a deep red substance, very soluble in 
water, and deliquescent. By gentle heat it is decomposed into oxygen 
and sesquioxide of chromium. It is a powerful oxidizing agent. Drop 
pure alcohol on crystals of chromic acid, and sometimes the action is 
sufficiently energetic to inflame. 

CnnoMATB OP Potash. K0,Cr08. 

(5 446.) Preparation. This salt is readily prepared by heating in 
a crucible 1 part of nitre and 2 of chromate of iron. 

(5 447.) Properties. Fine yellow crystals, soluble in water; per- 
manent in the air. The solution is alkaline, and has a bitter taste. 
This salt kept in solution in flint glass, covers the glass with a yellow 
coating, the chromate of lead, formed from the lead contained in the 
glass. When an acid is added to the chromate of potash, the bichromate 
of potash is formed. 

BicnROMATE OP Potash. KO,2CrOj. 

(§ 448.) Preparation. By adding nitric acid to a solution of the 
chromate, we obtain the bichromate. It forms large orange-red crystals. 

It is employed as a mordant in dyeing and calico printing. It is with 
sulphuric acid a powerful oxidizing agent. It is used in this form in 
bleaching sperm oil, by oxidizing the impurities. 

(2 443.) What are its properties? 
(I 444. 1 How is chroihic acid prepared? 
(I 445.) What are its properties? 
(J 446.^ How is chromate of potash prepared? 
d 447.) What are its properties? 

(I 448.) How is the bichromate of potash prepared? How is it em* 
ployed ? 
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It n used as a remgent in the Ubormtorj. It gires & yellow precipi- 
tate with lead, dear fight red with matmj, deep red with the salts of 
ailrer. 

In the flame of the blow-pipe chromium gires an emerald-green bead 
irith borax. 



COBALT. 
Sym. Co. Eq. 29.5. Sp. gr. 8.5. 

(2 449.) This metal is readily prepared by reducing the oxiJe of 
Cobalt by carbon. It is of a bright steel-gray color. It is difficult of 
fusion. Is not acted on by air, dry or moist. It is readily dissoWed by 
x&itric acid, and slowly by sulphuric and chlorohydric acids. It is sus- 
oeptible to ordinary magnetic influence. 

There are two oxides of cobalt : — 

1. Protoxide, CoO. 2. Sesquioxide, CosyOs- 

P&OTOXiDB OP Cobalt. CoO. 

(3 450.) This oxide is obtained by precipitating it from any soluble 
cobalt salt by potash. 

Properties* It is of an ash-gray color, dissolTes by acids, and forms 
ired salts. 

(2 451.) Uses. It is employed in the arts for coloring glass and 
potter's ware blue. SmcUt is a glass, colored deep blue by the oxide 
of cobalt, which is prepared by roasting cobalt ore, which contains 
arsenic, and which being Tolatile is driven offl The residuum, ground 
with white sand and melted, forms the blue glass. 

(J 452.) Cobalt blue, or ThSnarcTs blue, is prepared by turning into a 
solution of phosphate of potash any soluble salt of cobalt. 

The precipitate of phosphate of cobalt is mingled with 8 times its 
weight of hydrate of alumina. By drying the compound, and calcining 
it with care, it forms a blue powder. It is the most beautiful blue. 

(§ 453.) Nitrate of cobalt is formed by the action of nitric acid on the 
metal or oxide of cobalt. Other salts are obtained in the same manner. 
Chloride of cobalt is used as a sympathetic ink. 

(2 454.) Tests* The salts of cobalt are red. Potash gives a blue 
precipitate. Heated with borax, by the blow-pipe, a blue bead is ob- 
tained. 

How used in the laboratory ? 

f§ 449.) How is cobalt prepared ? What are its properties ? 
(I 450.) How is the protoxide of cobalt obtained? What are its pro- 
perties ? 
(§451.) What are its uses ? What is smalt? 
(^ 452. J What is cobalt blue? 
(I 453.) How is nitrate of cobalt formed^ 
(i 454.) What tests of cobalt ? 
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NICKEL. 
Sym. Ni. Eq. 29.6. Sp. gr. 8.5. 

(J 455.) Diflnsion. Nickel is quite extensively diffused in nature, 
being in most cases combined with iron, arsenic, and cobalt. 

Preparation. Nickel is obtained for chemical purposes by calcining 
the oxalate. 

Properties. It is a grayish-white metal, with not much lustre, mal- 
leable and ductile; attracted by the magnet; burns in oxygen at a 
high temperature ; acted on by the stronger acids. 

There are two oxides of nickel : — 

Protoxide, NiO. Sesquioxide, Ni2,03. 

Pkotoxidb. NiO. 

(J 456.) The protoxide is obtained by precipitating it from a solution 
of nickel by potash. Forms a blue solution with ammonia. It is of an 
apple-green color, and gives color to the beautiful mineral chrysoprase. 
The oxides or salts of nickel are of little interest. 

Tests. The protosalts are of a bright green color. Soda and potash 
give green precipitates. 

(2 457.) Alloys. The most important alloy of nickel is that with 
copper and zinc, forming German silver. It consists of 3 parts of 
copper, 1 of nickel, and 1 of zinc. This alloy is used extensively in 
the manufacture of various articles. 

Cobalt and nickel are strikingly alike in many respects, having the 
same equivalent, the same number of oxides, &c. 
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Sym. Zn. Eq. 82.6. Sp. gr. 7.2. Spelter. 

(§ 458.) Zinc has been used a long time as an ele- 
ment of various al^ys, but only recently has it been 
applied to use by itself. It never occurs native. The 
two principal ores of zinc are the sulphuret, when it is 
called zinc blanche, and the carbonate called calamine. 

(§ 455.) What is said of the diflFusion of nickel? How obtained? 
What are its properties ? 

(^ 45i*».) How is the protoxide obtained? What are its properties? 
What tests? 

(§ 457.) What is German silver? 

That is said of zinc? What two ores? 



(§ 457.) Wl 
a 408.) Wl 
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(§ 459.) Preparation. There are various methods of 
preparation. The ores are roasted, 
by which process they are converted 
into the oxide of zinc ; this oxide is 
mixed with charcoal, and heated in 
closed crucibles with an iron tube, 
which comes from below the furnace 
running through the bottom of the 
crucible, to near the top, which is 
cemented on. When the mass is 
highly heated the oxide is reduced, 
and the zinc rises in vapor, and, |" 
with the carbonic oxide, passes down ^' 
the tube into water beneath. There ^^-'-.^^ ^^^ff ^'^^^ 

^ . .... .a The crucible containing the 

IS more or less impurity in it, as thus materials. 

produced, consisting of iron, lead, c The tui^* uirough whicb the 

arsenic, and cadmium. ^ f .'elLrT;SS?"nto\hich 

(§ 460.) Properties. It is a bluish- *»»« ^^^^ fi^- 
white metal, with considerable lustre ; crystalline in its 
structure; brittle at ordinary temperatures; becomes 
malleable and ductile at a temperature a little above 
212°. At this temperature it is rolled into sheets ; at 
the temperature of 400° it becomes brittle again, and 
may then be reduced to powder. It fuses at less than 
red-heat, and boils at white-heat, and may be distilled ; 
when melted and turned into water it forms granulated 
zinc. It is not acted on by dry air or oxygen, but in 
ordinary air a covering of thin oxide is formed, which 
protects the subjacent metal ; hence its use in sheets for 
protecting houses, or in making ordinary vessels, or for 
covering iron (galvanized iron). Heated to redness it 
burns with a greenish white flame, filling the room with 
a white flocculent substance called phihsopher's wool and 
pomphlox. 

Water, free from air and carbonic acid, does not act 

(J 459.) How is zinc prepared ? 

(I 460.) What are its properties? When malleable? When brittle? 
What is granulated zinc? How does the air effect it? Hence used for 
what ? How does it burn ? How docs water affect zinc ? How acids ? 
How alkaUes ? 
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upon zinc. Dilute acids act po^ve^fully ou ordinary zinc. 
Fare zinc is acted upou but very little by sulpburic adJ^ 
but if ceoieuted vdlh a piece of copper, silver, or pla- 
titiii, the action is energetic. The alkalies act ou zinc, 
producing a compound of oxide of zinc and the alkali, 
the former acting as an acid, forming tbo zincate of pot- 
ash, or soda, 

(401.) Uses. It has very important applications. It 
is used for covering the roofa of houses, making gutters^ 
gas and water pipes, lining refrigerators. It is harder 
than lead, cheaper than tin or copper, and resists ordi- 
nary chemical agents better than iron. 

Oxide op Zmc. ZnO. 

(462.) There is only one oxide of zinc of any interest 
This oxide is formed by burning the vapor of zinCj as it 
rLsel from the heated zinc. It is what is formed when 
zinc is burned. It is a white powder, unaltered by beat, 
any further than to make it slightly yellow, but regains 
its whiteness when cold. It is dissolved by acids, form- 
ing salts of zinc. It has of late years been substituted 
for white lead, under the name of zinc-whiiej being more 
, permanent, not affected by sulphuretted hydrofren, and 
' not injuring the painters or manufacturers, aa white lead 
is apt to do. 



I 



Sulphate of Zino. 
{§ 46S,) Preparation, 



ZnO,S03. White Yitrlnl. 

It is formed ou a large scale by 
calciniiig the zinc blende, which process forms sulphurio 
acid anE oxide of zine, which unite, forming the salt. It 
is dissolved out by water and crystallized. Sulphate of 
zinc is used as a mordant. It is used in medicine, being 
; one of the most powerful emetics known, and is a tonic 
in small doses, but poisonous in large doses. It forms a 
good collyrium in some diseases of the eye. 

(3 4G1.) What is zinc U3cd for? 

fl 452.) H^w is tke oxido of aino formed! What are its propiJttbsT 
What itg uses f 
a 4G3.} How 13 the sulphate ol mo ^oTmca.1 ^N\tftt \6 \«t.Aia^ilOT\ 
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(§ 4G4.) Sulphite of zinc is one of the best materials 
to arrest decay in dead bodies. A solution, injected into 
the veins, prevents putrefaction for many days, and 
diminishes the danger from the putrid virus with which 
wounds, accidentally received in dissections, are often 
inoculated, which produce fatal results. 

Chloride of Zinc. ZnCL 

(§ 465.) Preparation. It is prepared by dissolving 
zinc in chlorohydric acid, and then evaporating. It is 
obtained in a soft condition, called butter of zinc; by 
melting the mass, it becomes solid on cooling. 

Properties. It is deliquescent, soluble in water and 
alcohol. 

(§ 466.) Uses. It is used as a disinfectant, forming 
Burnetts disinfecting fluid. Often used in organic analy- 
sis. It is also used as an antiseptic, in preserving bodies 
for dissection in medical colleges. A bath of fused chlo- 
ride of zinc is sometimes used in the laboratory, when a 
high temperature is desired, one higher than anv solu- 
tion will give. This may be heated to 600° or 800° with- 
out exhibiting any change, or giving rise to any vapors. 

A soldering solution ^ by which vessels may be easily 
tinned, is made by dissolving lib. of zinc in muriatic 
acid, and adding 1 oz. of sal ammoniac, and evaporating 
to dryness. The surface of the metal needs no cleansing. 

(§ 467.) Tests. The salts of zinc are colorless, with 
colorless acids. 

The alkalies give precipitates, soluble in an excess of 
the alkali. Sulphuretted hydrogen with ammonia gives 
a white precipitate. 

{\ 464. J For what may sulphate of zinc be used ? 
(| 465. J How is chloride of zinc prepared ? What arc its properties ? 
(I 466.) For what is it used? How may a soldering solution be 
formed ? 
(2 467.) What tests for zino ? 

10 



TIN. 



TIN. 

Sym. Sn. Eq, 58. Sp. gr. 7.285. 

(§ 468.) This is one of tlie most important metals, It'j 
lias been long known and applied to a great variety of j 
USG3, There is properly but one ore of tin^ the hmoxid^.i 
It is roastedj powdered, aiid mixed with charcoal, and 
heated in a TeYcrberatory furnace, when it is reduced by 
the oxygen uniting with the carbon, forming carbonic 
acid. Tin, tbns prepared, is far from being pure. It J 



may contain lead, iron, copper, arsenic, and often several 
other metals. 

The partial pnrLflcation of tin is affected by subject- 
ing it to a process called Uquaiionif which consists m\ 
gradually melting the pigs of tin on an inclined p]an6| 
BO that the tin alone will melt, and run oft^ while the 
imparities remain on the plate ; that which rnns ofiE" is 
called grain tin. 

(§ 469,) Properties. It is a white metal, malleable 
and dnctile, very soft, emits a grating sound when com 
pressed between the teeth^ or when beaten. The noise 
is occasioned by the rubbing of the crystals on each 
other. Melts at 442^. Powdered tin may be prepared 
by ponring melted tin into a warm iron mortar, and stir- 
ring it till it cools. It tends to crystallize, when cooling, 
from a state of fusion, and although not visible, the 
crystals may be shown by rubbing the snrface with aqua 
regia, when, from the uneqnal reflection of the light, the 
faces of the crystals are rendered distinct; this operation 
produces what is called the moire metalliquej and tin thus 
prepared ia employed for the production of ornamental 
ware. 

Tin is not affected much by an exposure to the air or 
water at the ordinary temperature; melted, it forms a 
coating of the protoxide and binoxide of tin ; at red-heat 

(i4G8.)WJiat is iaid of tin? What ore of Unl How prepuredf 
What may it then contaio ? WJiat i^ the process of liqyat Jon ? 



(I 4tJ9,) WLat are the properties of tin t How ia tho moir^ mitttlUqu^ 
prodnQ^^ ? What efect lias heat tipon it ! How do the acids affect it T i 



I 
I 



I 




TIN. 219 

it bums, and forms the binoxide only. It decomposes 
steam at red-heat. 

Sulphuric and muriatic acids diluted attack tin, libe- 
rating hydrogen. Concentrated nitric acid converts the 
tin into stannic acid. Dilute acid acts on tin, forming 
stannic acid, and at the same time nitrate of ammonia ; 
the ammonia being formed by the nascent hydrogen 
uniting with the nitrogen of the nitric acid. 

(§ 470.) Uses. Its not being affected by ordinary 
chemical agents makes it particularly fitted for cover- 
ing the surface of those metals that are easily affected ; 
hence it forms common sheet tin, which is tinned iron, or 
an alloy of tin and iron. It is also used to cover copper, 
which is used in culinary processes, on account of the 
poisonous compounds of copper. In the form of tin foil 
it is used to protect articles from the air. An amalgam 
of tin is used in making mirrors. It enters into the con- 
stitution of some of the most useful alloys, which will 
be noticed under copper, antimony, and lead. 

We have already alluded to tin plate, under iron. 

There are three compounds of tin and oxygen: — 
Protoxide of tin, SnO. 

Binoxide, stannic acid, SnOa. 

Metastannic acid, SujOio. 

(§ 471.) The binoxide of tin, or stannic acid, is readily 
prepared by decomposing the chloride of tin by water. 
in this latter case it is in the state of a hydrate, which 
is soluble both in acids and alkalies. It is formed when 
tin is burned. 

It is used in polishing, under the name of putty pow- 
. der. It is also used in giving opacity to glass, in manu- 
facturing watch-faces, medallions, door-knobs, &c. In 
combination with alkalies, forming stannates of potash 
and soda, it is used as a mordant in dyeing and calico 
printing. 

With sesquioxide of chromium it is used in making 

r^470.) For what is tin used? 

(i 471.) IIow is binoxide of tin formed ? For what is it used ? What 
is purple of cassius ? 
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red and lilac colors on glass and porcelain, and also in 
paper-staining. 

Combined with the protoxide, stannate of tin, and with 
the oxide of gold, it forms purple of cassius, 

Protochloride of Tin. SnCl. 

(§ 472.) This compound is obtained by dissolving tbe 
metal in chlorohydric acid. It may be obtained in crys- 
tals, but is a very unstable compound, absorbing oxygen 
from the air, yielding binoxide and bichloride of tin. It 
is a powerful deoxidizing agent, reducing most of the 
metals from their salts, or to a lower state of oxidation. 
It is used in dyeing as a mordant, and to reduce the per- 
salts to the protosalts. If the color was given by the 
persalt of iron, the SnCl could make figures on it by 
removing the iron by reducing it. 

(§ 473.) Perchloride of tin is prepared by dissolving 
tin in aqua regia. It is a colorless fluid, giving white 
fumes when exposed to the air, and called the fuming 
liquor of Lihavius. It is used by dyers under the name 
of tin mordant, or permuriate of tin. It changes most 
vegetable colors to a much more decided tint, as Brazil 
wood and cochineal. 

There are two combinations of sulphur and tin: — 

Protosulphide of Tin, Protosulphuret of Tin. SnS. 

(§ 474.) A current of sulphuretted hydrogen passed 
through the protochloride of tin produces a reddish- 
brown precipitate of the protosulphuret of tin. It may 
also be prepared by heating tin and sulphur in a crucible. 

Bisulphide of Tin, Bisulphuret of Tin. SnSj. 
(§ 475.) This is prepared by taking 12 parts of tin and 

(? 472.) How is the protochloride of tin prepared? What are its pro- 
perties ? For what is it used ? 

(? 473.) How is tlie perchloride of tin prepared? What are its pro- 
perties ? What is it called ? For what is it used ? 

(J 474.) How is the protosulphuret of tin prepared? 

(§ 475 ) How is the bisulphide of tin prepared ? 
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6 of mercurj . These are formed into an amalgam, and 
mixed witli 7 parts of sulphur and 6 of sal ammoniac. 
The mass, intimately mingled, is heated gradually in a 
sand-bath to redness. Some sulphide of mercury and 
bichloride of tin is sublimed, and the bisulphide of tin 
is left in the vessel. 

(§ 476.) Properties. It is of a beautiful golden yel- 
low color, and is not attacked by any of the acids except 
aqua regia. It is called bronze powder , mosaic gold, aurum 
musivum. It is used in covering wood, iron, plaster, 
and paper, as bronzed or gilded. It is also used for ex- 
citing electrical machines, instead of amalgam. 

(§ 477.) Tests. The salts of tin are ahcai/s acid, and 
with much water there is always a precipitate. 

The alkalies, potash and soda, produce a white precipi- 
tate, which is soluble in an excess of acid. 

Cyanide of potassium gives a white precipitate. 

Sulphuretted hydrogen gives a brown precipitate with 
the protoxide, and a yellow one with the peroxide. 

The salts of mercury are reduced by the protoxide, 
and not afiected by the peroxide. 



ANTIMONY. 
Sym. Sb. Eq. 64.5. Sp. gr. 6.7. 

(J 478.) Antimony is usually combined with sulphur, as found in 
nature. The metal as commonly prepared is not perfectly pure, and to 
get it absolutely pure is not easy. 

(2 479.) Pro^^ies. It is a brilliant white metal, with a highly 
< lyiiulli'"^ infTmliii ( It is not affected by the air, unless heated to 
redness, when it bums, emitting white fumes. A globule heated to 
burning temperature, and cast upon the floor, divides into minute 
globules, which continue to bum, leaving a trace on the floor. It is 
very brittle, being easily reduced to powder. At red-heat it decomposes 
water, being converted into the sesquioxide. 

(2 476.) What are its properties ? What is it called ? For what used ? 
(I 477.) What are the tests of tin? 
(I 478. ) What is said of antimony ? 

(I 479.) What are the properties of antimony? What is the action 
'»f the acids on it ? What is its proper solvent ? 
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Chlorohjdric acid acts slowly on antimony, but diluted sulphuric, not 
at all. Concentrated sulphuric acid, by heat, is decomposed by it, libe- 
rating sulphurous acid. Nitric acid produces a white powder by iti 
action, antioionic acid. Like its action on tin it does not form a nitrate. 

Aqua rogia is the proper soWent of antimony. 

Tiicre are three combinations of antimony and oxygen : — 

Suboxide, SbsOj. 

Scsquioxide, SbjOs- 

Antimonic Acid, SbgOs. 
(2 480.) The film, found on antimony in moist air, is the suboxide^ 

Sesquioxide. SbjOs. 

(J 481.) This oxide is the base of tartar emetic, and on that account 
demauds our attention. It is found natiye, as white antimony ore. 
When antimony burns it forms the scsquioxide. It is found as a 
hydrate, when it is precipitated from a solution of the chloride of anti- 
mony by means of the carbonate of soda. It is expressed by SbzOs -j- H^- 
It is soluble in the alkalies, and when eyaporated with requisite care it 
will form crystals of the oxide of antimony. By boiling the same solu- 
tion the oxide will separate in crystals. 

13y fusing antimony in a crucible, with another inverted over it, and 
pierced through its bottom, the oxide will be formed and sublime, forming 
beautiful pearly, nccdlo-like crystals, C9.\\q^ argentine fiower a of antimony, 
Aiitimonic acid is of little practical interest, and will not demand our 
attention. Antimoniate of 2)otaahj one of its compounds, is used as a 
te><t for soda, and is easily prepared by heating powdered antimony 1, 
with 4 of nitre, in a crucible, and boiling the product- 
Antimony forms, with hydrogen, a compound similar in constitution 
to those formed by phosphorus and arsenic. Antimoniuretted hydrogen 
is formed by having antimony present, when hydrogen is produced by 
zinc. It possesses very much the properties of arseniuretted hydrogen, 
wiiich we have discussed under arsenic. 

There are two tulphides of antimony : — 

SbaOa = sesquisulphide 
SbiOs = persulphide. 

SrsQuisuLPuiDE OF Antimont, Sesquisulphuret of Antimony. SbjSf 

(§ 482 ) This is the common ore of antimony, known as the gray sul- 
pliurct, occurring in the form of steel gray, needle-like crystals. 

Properties. It melts readily, absorbing oxygen from the air, and, 
when cold, forms liver of antimony, glatt of antimony, crocut of antimony, 

\Vhcn sulphuretted hydrogen is passed through a solution of tartar 

(5 480. J When is the suboxide formed? 

[l 481.) What is said of the sesquioxide? How formed? What of 
its properties ? What are argentine flowers of antimony ? For what is 
antimoniate of potash used ? 

(I 482.) What is said of the sesquisulphide of antimony ? What are 
its properties ? What is Kerme's mineral ? 
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«»iiietjc, a yellow sulphuret is obtained. When sulphuret of antimony 
i«s boiled in a solution of potash, the sulphuret is dissolved. By cooling, 
«^ yellowish substance is precipitated, called Kermts mineral. By add- 
ing an acid to the solution a golden sulphuret is obtained. These Tari- 
ous products seem to be compounds of the sulphuret and oxide. 

There are two compounds of chlorine and antimony: — 

The SESQUicHLoniDE of Aktimony. Sb^Cls. 

(2 483.) This substance is most readily prepared by dissolving metal- 
lic antimony in chlorohydric acid, and carefully adding nitric acid. If 
too much NO5 be added, the sesquioxide will be precipitated. 

Properties. It is a soft solid, gray, deliquescent, fuses readily, 
and crystallizes on cooling. It is called the butter 0/ antimony. It is 
soluble in a small quantity of water ; a large quantity decomposes it, 
forming a white precipitate, called the powder of Alyaroth, which is a 
combination of the oxide and chloride of antimony. 

Uses* It is used to bronze gun-barrels, upon which it deposits me- 
tallic antimony, which prevents oxidation. It is used in surgery as a 
caustic. It is also used as a mordant. 

Tartrate of Antimony and Potash. KOjSbaOjST (C8H4O10). 

(J 484.) This double salt was first pointed out by Basil Valentine, in 
the fifteenth century. It was called tartar emetic. It is easily prepared 
by boiling a mixture of cream of tartar and hydrated oxide of antimony. 
As usually found, it is a white powder, soluble in fifteen times its weight 
of cold water. Insoluble in alcohol. It produces vomiting, and is the 
most common emetic. It is poisonous, but considered a valuable reme- 
dial agent, and performs most important offices, depending on the con- 
ditions of its administration. It is used as a sedative, alterative, dia- 
phoretic, expectorant, and emetic. It should only be used as prescribed 
by a physician. Externally it is used as an irritant. Poisoning by 
tartar emetic is best counteracted by an infusion of nutgalls, the tannic 
acid forming an insoluble and inert tannate of antimony. 

Antimonial wine is 1 scruple of tartar emetic and 10 fiuid ounces of 
wine. 

Allots of Antimony. 

(§ 485.) The alloys of antimony are quite an important class of com- 
pounds. It makes hard alloys. Britannia metal is an alloy of antimony, 
tin, and copper. The best composition is 100 tin, 8 antimony, 4 copper, 
and 1 of bismuth. 

An alloy of 70 parts of antimony and 80 of iron filings is excessively 

(2 483.) How is the sesquichloride of antimony prepared ? What are 
its properties ? What is it called ? For what is it used ? 

(^ 481.) Who first pointed out tartrate of antimony? What is it 
called? How prepared? What are its properties? For what is it 
used ? What effects docs it produce ? What is the best antidote ? 
What is antimonial wine ? 

({ 486.) What is Britannia metal ? What is Reaumut'ft «.\Iq^ ^ ^Vssl 
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hart], striking firo with flint, and is used in the arts under the name of 
Reaumur If alloy. An alloy of antimony and potassium is prepared by 
melting, for several hours, a mixture of 6 parts of tartar emetic and 1 
of nitre. It explodes in contact with water. An alloy of tin and anti- 
mony forms the plates on which music is engraved. 

Tests. The salts of antimony are recognised by the peculiar yellow 
precipitate given by a current of sulphuretted hydrogen; also by 
]»lunging a piece of clean iron or copper into a solution of antimony, a 
film of antimony is deposited on it. 



BISMUTH. 
Sym. Bi. Eq. 106.5. Sp. gr. 9.8. 

( 48G.) Bismuth is generally found in a metallic state, though some 
times combined with sulphur or oxygen. 

(J 487.) Properties. It is white, tinged with red. It is easily 
broken, crystallizes in flat plates. It crystallizes in cubes, when large 
masses are melted, and when partly congealed, the remaining fluid 
turned out, the walls of the cavity are lined with cubical crystals. It 
is not afi'ectcd by the air. Sulphuric and muriatic acids attack it but 
feebly. Nitric acid is its proper solvent. When heated in the open 
air it burns, forming the oxide of bismuth. If thrown on to the floor 
it breaks into globules, burning separately. 

Bismuth enters into the composition of the thermo-electric pile. 

It forma some alloys, and is mostly used because it expands on solidi- 
fying. On this account it enters into the composition of type metals, 
and also into the composition of Rou^s metal, for taking casts of wood 
engravings. 

Newton's fusible metal is an alloy of 2 parts of bismuth, 1 of lead, 
and 1 of tin. It melts at less than 212°. By difi^erent proportions of 
the metals alloys may be made to melt at any given temperature above 
boiling water, and below melting lead, about 600°. 

Oxide op Bismuth. BijOs. 

(5 488.) By greatly diluting nitrate of bismuth, and calcining the 
precipitate, we get the oxide of bismuth. 

Uses. The subnitrate of bismuth^ which is the precipitate firom the 
water before calciuation, is used in medicine as a tonic and anti- 
spasmodic ; also by perfumers as pearl white, sold as a cosmetic for 
whitening the skin. 

is said of an alloy of antimony and potassium ? What are the tests of 
antimony ? 

(I 480. J How is bismuth found? 

\\ 487.) What are its properties? How does it crystallize? How 
do the acids act upon it ? IIow does it burn ? For what is it used ! 
What is Newton's fusible metal ? 

[I 488.) How do we get the oxide of bismuth ? For what used? 
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tlHLOBIDX OF BlSMlTTH. BijCls. 

({ 489.) This Bubstaace is prepared by the action of aqua regia on 
bismuth. It deliquesces in the air. Water containing chlorohydric 
acid will dissoWe it, but pure water decomposes it, and forms oxy chlo- 
ride of bismuth. 

This is also called pearl whiter and used for the same purpose as the 
Bubnitrate. 

Tests. The salts of bismuth are decomposed by large quantities of 
water. Potash and soda produce precipitates not soluble in an excess 
of the alkali. Sulphuretted hydrogen giyes a black precipitate. 



LEAD. 
Sym. Pb. Eq. 103.7. Sp. gr. 11.445. 

f § 490.) Lead is one of the most important metals ; it 
ana its combinations form more useful applications than 
any metal, except iron. It has been in use, in various 
forms, beyond historic time. 

Natural state. There are numerous ores of lead, but 
the one from which the lead of commerce is obtained is 
the sulphuret, galena. 

The process of reduction consists of several steps, and 
the whole process is a gift of chemistry to the arts 
worth millions every year. It is called the method of 
reactions. 

The constitution of the ore is expressed by the formula 
PbS. 

The ore is roasted in the air, and by the action of the 
oxygen of the air the sulphuret is converted into the 
sulphate. The formula before the roasting is PbS, after, 
it becomes PbO,S02. This is mixed with more ore, and 
heated in a reverberatory furnace, at a high heat ; when 
the sulphate of lead yields metallic lead and sulphurous 
acid, which the following equation expresses : — 
PbO,S03 + PbS = Pba + 2SO2. 

What is pearl white ? 

(J 489.) How is the chloride of bismuth prepared? What arc its pro- 
perties ? What tests for bismuth ? 

(J 490.) What is said of lead? What of the ore of lead? What is 
the method of reduction called ? What are tVve TeoicVioxi^l 
20* 




LEAB. 



Any oxido of lead present is reduced also by the actioi 
of tlie sulpliiiret, which ia expressed by the equation — 
2PbO + PbS-Pb3 + SO„ 

(I 491.) Properties. Lead is a soft metul, of a bluiah 
gray color; when recently cat has considerable lustre^ 
It is malleable and ductile, possessing but little tenacity. 
It is soon tarnished when exposed to the air, becoming 
covered by a protecting film of oxide, so that no further 
change takes place. It fuses at 635^ It crystallizes 
from its state of fusion, or when reduces! from its salts. 
The arbor ASaiiirm\ or lead ireCf consists of crystals of lead, 
reduced from the acetate by the action of 2inc. When 
heated in contact with the air it rapidly oxidizes, forming 
at first the protoxide of lead (litharge), and by a con* 
tiQued fusion it forms a higher degree of oxidation, form- 
ing red I^adf or minium. 

Lead burns with brilliancy when in thin leaves or 
fine powder. So does iroiii and many other metals* 
The iiliu of oxide, formed at the surface in masses^ pre* 
vents the combustion. The metals are highly inflamma- 
ble bodies^ under ihvorable circumstances. 

Pure water in contact with the air acts upon lead, 
and forms a carbonate, wliieh poisons the water. But if 
the water contains any of the sulphates or chlorides^ it 
%vill have an insoluble film formed over its surface, and 
no farther action can take place. 

Ordinarily muriatic or sulphuric acid does not act on 
lead. Its proper solvent is nitric acid, forming the nitrate 
of lead. 

(I 492.) Usee. Some of its uses are too common to 
need notice. Certain properties give it its importance, 
in uiany cases, over other metals. Its great specific 
gravity and low point of fusion make it especially fittetl 
lor shot and bullets, A lighter metal would require a 
larger hal! and more powder to produce the sania effect 
that is prodiiccd by lead. Its resisting chemical agents 
fits it for pipes and sheetings for vats and reservoirs, 



^ 



fl 401) What nrc tho i>mpenj(5» <^r lend ¥ What ia ih© urtop Sjiturni ? 
Ufiw iUm purw crater (iflfcor hmU Whiit eCftiat have ihc Muli.hal«i and 
chloridea I How do Ihc Mclds rilfect M 

(^ lirj } }\hni ninkca leu J sultabk for bullola and shot? Wh&t fof 
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also as a lining .or sulphuric acid chambers. Care should 
l)e exercised in using it in culinary processes, as its Salts 
are poisonous, as lead, is acted on in the presence of any 
organic acids ; and the influence of its salts may not be 
experienced till much injury is accomplished by their 
cumulative effects. 

One of the most important uses of lead is in the form- 
ation of 

Alloys of Lead. 

(§ 493.) The alloys of lead and tin are in much use. 
The poorer kinds of pewter are 80 of tin and 20 of lead. 
This forms the alloy of organ pipes. Alloy for lining 
chests and boxes is 90 of lead and 1 of tin. 

Common solder is 1 of lead and 1 of tin. 

Printers' types are an alloy of 3 of lead and 1 of anti- 
mony ; bismuth improves the sharpness of the impres- 
sion ; copper, zinc, and tin are often added in small quan- 
tities, for some supposed improvement that they make. 

Alloy of tin, lead, and zinc. It is said to be equal to 
the best Britannia ware, consisting of tin, 16; lead, 4; 
zinc, 4. 

Nails that are not affected by salt water are made of 
3 of tin, 2 of lead, and 1 of antimony. 

A small quantity of lead with gold, silver, and platina, 
destroys their malleability. 

Common shot contain arsenic to increase the fluidity 
of the metal, when melted, so that it is free to take a 
perfectly spherical form in falling. The point of fusion 
is often much lowered by alloying with lead, even below 
either of the other metals, as has been previously shown. 

Lead and Oxygen. 

There are three oxides of lead: — 

The suboxide, Pb^O. 

Protoxide, PbO. 

Binoxide, Pb02. 

(J 493.) What is pewter ? What is solder ? What are printers* types ? 
What of an aUoy of tin, lead, and zinc ? What effect has lead on gold ? 
Why is arsenic put in lead to make shot ? How is the point of fUsion 
•ften affected T 
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Suboxide of Lead. PbaO. 

(§ 494.) The suboxide is formed on the surface of lead 
when exposed to the air. It is not a mixture of the 
protoxide and lead, as some have supposed, as no amal- 
gam will be found by triturating it with mercury, which 
there would be were there any metallic lead present. 

Protoxide of Lead. PbO. Litharge^ Massicot. 

(§ 495.) This oxide is formed by heating metallic lead 
in the air. To obtain it pure, however, it is best to heat 
the nitrate of lead in a retort, or porcelain crucible, to 
a temperature just sufficient to drive off the nitric acid, 
and a yellowish powder is formed, which is pure pro- 
toxide of lead. The color is variously altered by the 
circumstances of its production. 

Litharge is obtained by oxidizing the lead in the air, 
by heat, and then melting it ; when it forms a yellowish 
brown mass, which, by grinding, forms the common sub- 
stance used in painting, and for various other purposes, 
known as litharge. 

(§ 496.) Properties. When the protoxide is obtained 
by precipitating it from a protosalt, it is white. It is 
soluble in potash and soda. Lime also forms a combina- 
tion with the protoxide of lead, which constitutes one 
of the best hair-dyes, by its reaction upon the sulphur 
of the hair. This same compound is also employed in 
the manufacture of artificial shell out of horn. 

Litharge is employed in the manufacture of flint-glass, 
in glazing pottery-ware, in the manufacture of white 
load, and the acetate of lead. 

It is soluble in water containing sugar. 

(5 491.) When is tlio suboxide of lead formed? What proof that it 
is not a inixttiro of lead and the protoxide? 

(\ 4Ur>.) How is the protoxide of lead formed? How is litharge ob- 
tained? 

(J 49fV) What i« tho appearance of precipitated oxide of lead? In 
what is it Koluble? For what is it used? For what is litharge em* 
ployed ? 
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BiNOXiDE OP Lead. PbOj. Plumbic Acid, Pure Oxide. 

(§ 497.) This oxide is formed by heating litharge with 
one-fourth its weight of chlorate of potash, the potash 
is washed out, and the deutoxide of lead is left. It is 
of a dark purplish brown color. 

Uses. It absorbs sulphurous acid, converting the 
mixture into sulphate of lead. It is used for this pur- 
pose in the laboratory, especially in organic analysis. It 
unites with the alkalies, forming plumhates. 

Minium or Eed Lead. Plumlate of Lead. 
2PbO,Pb02. 

(§ 498.) Eed lead is prepared, for the purposes of com 
merce, by heating the oxide of lead to a temperature not 
BUjEcient to fuse the protoxide, but sufficient to make 
the oxygen continue to unite with it — about 592° — when 
it is gradually converted into red lead. It varies in com- 
position, depending on the perfection of the oxidation. 
The pure red lead is undoubtedly the plumbate of lead. 
Minium is a common red paint. It is used in the manu- 
facture of glass, the oxygen burning out the carbona- 
ceous matters. It yields a portion of its oxygen by red- 
heat, and from this source we sometimes obtain oxygen. 
If the carbonate of lead is substituted for the protoxide 
in the operation, orange minium is obtained. 

Sulphide of Lead, Sulphuket of Lead. PbS. 
Oalena. 

(§ 499.) This compound of lead is the most abundant 
ore of lead. There are two varieties of the galena, one 
of regular crystals, the more common variety ; the other 
more friable, less perfectly crystallized, more micaceous, 
and contains silver. 

Properties of galena. Galena is of a lead color, in 

(J 497.) How is the binoxide of lead formed? For what is it used? 
What are plumbates ? 

(J 498.) What is minium ? How is it prepared ? 

(I 499.) What is said of the sulphide of lead ? What are the ^ro^^er- 
ties of galena ? 
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cubical crystak. Heated in tbe air is converted into 
oxide and sulphate of lead, yavjmg in composition witU 
the temperature* 

Chloride of Lead. PbCL 

(§ 500.) The cliloride is readily prepared by decom- 
posing a concentrated solution of a salt of lead by 
chlorohydric acid> It ia a wbite substance in tliis state ; 
but wlien fused it cools into a gray mass called koni 
lemL 

(I 501,) Oxyehloride of lead. The chloride of lead 
combines with the oxide of lead^ forming yellow mate- 
rials used as paints. Fuse together 10 parts of protox- 
ide of lead and 1 part of sal ammoniac. The melted 
mass^ on cooling, forms beautiful yellow crystals, called 
Turner^ s yvUouK Other modes of preparation form yel- 
lows of different hues, known under the uame>s of cmsel or 
mineral yelhw^ Paris ydhu\ &c», all oxy chlorides of lead. 
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Nitrate of Lead. PbO^KO^* 

(§ 502.) Preparation, The nitrate of lead is prepared 
by the action of nitric acid on metallic lead. The solu- 
tion evaporatedj regular octaliedral crystals are deposited. 
They are anhydrous. Soluble in 7 parts of cold water. 

Uses, It is used to yield peroxide of nitrogen {jiiirons 
acid). Also as a reagent iu the iaboratory, when a solu- 
ble salt of lead is rec^uired. 

Chromate of Lead. PbCCrOa* Chrome TeUow, 

(I 603.) Preparation. This salt is prepared by double 
decomposition, by the action of chromate of potash on 
acetate of lead* It is a beautiful yellow, the tint vary- 
ing somewhat with the conditions of its format iou, 
changing its color to brown by heat. Soluble in potash, 

f| 501.) What colors jvr© formed from the oiychU>jpi(lc of lead ? 
(I 502*) How ii tlie uitrale of lead proprircd! The properties? lU 
iiiest 
(l 503. J now is cUroma'.e of lead prepared! Its properties^ 
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but insoluble in water and the acids. It is extensively 
employed as a paint, and in calico printing. It is also 
us^ in organic analysis. Hydrocarbons are oxidized by 
it, and the carbon and hydrogen readily determined by 
the amount of CO2 and HO produced. 

There is a bi-basic chromate of lead of a beautiful red 
color, used in painting and calico printing, prepared by 
adding cautiously to fused nitre chromate of lead. 

Acetate of Lead. PbO,Ae (C4H3O3) + HO. Sugar of 

Lead. 

(§ 504.) Preparation. This salt of lead is prepared 
by digesting litharge with acetic acid, taking care to 
arrest the process as soon as the solution is neutral. By 
slow evaporation the sugar of lead is deposited in minute 
crystals, which is neutral acetate of lead. 

(§ 505.) Properties. It has a sweet taste, with a little 
astringency. It is soluble in 4 parts of water and in 
alcohol. A solution of acetate of lead, exposed to the 
air, slowly undergoes change by absorbing carbonic acid, 
so does the dry salt, hence is turbid when dissolved. A 
few drops of acetic acid render the solution clear. 

(§ 506.) If we boil 2 parts of neutral acetate of lead 
with 1 part of litharge, we obtain a sesquibasic acetate 
of had. This is Ooulard!s extract, sold in the shops under 
the name of lead water, 

(§ 507.) By heating the neutral acetate of lead to 
586°, it is converted into the bibasic acetate of lead by 
a decomposition of a portion of the acetic acid. It is 
one of the most soluble salts of lead, and is called in the 
shops Extract of Saturn, 

By adding to the preceding as much oxide of lead as 
it already possesses, we have a tribasic acetate. We ob- 
tain a sexhasic acetate, by boiling litharge with the pre- 
ceding salt 

Its uses ? For what is the bibasic chromate used ? 
U 504.) IIow is the acetate of lead prepared? 
I'i 606.) What are the properties of acetate of lead ? 
(l 500.) How is sesquibasic acetate of lead prepared ? By what name 
Is it known ? 
(J 607.) What IB extract of Saturn ? How madet 
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(§ 508.) Uses. The nentral acetate of lead has most 
important applications. By double decomposition it 
forms numerous acetates used in the arts. Acetate of 
alumina and acetate of zinc are formed from the sul- 
phates of the bases, by this process. 

Pure lead is obtained from the acetate by the process 
for making the lead tree, arbor Satumi. Put into a two- 
quart bottle, filled with water, 1 ounce of acetate of lead 
and a few drops of acetic acid, and suspend in it a piece 
of clean zinc, and all the lead will be deposited in an 
arborescent form of minute flat crystals. 

Carbonate op Lead. PbO,C02. White Lead, Ceruse. 

(§ 509.) Preparation. Pure carbonate of lead is 
readily prepared by adding carbonate of soda to a solu- 
tion of acetate of lead, and washing the precipitate. 

The commercial article, white had, is prepared in a 
very different manner, and is not pure carbonate of lead. 

Tluirc are three methods, the English, French, and 
Dutiih. Tlie last one is the oldest, and the one still 
tlioiiylit to bo the best, and is the one practised by some 
ol'tlio largest manufacturers of white lead in this country, 
^riic principle is the same in all the methods, that is, the 
(loc()m])osition of the acetate of lead by carbonic acid; 
tlio (lotaila only differ. 

lu the Dutch method, they take a number of earthen 
pots, and place in the bottom some poor 
vinogar. They then place on supports in 
tho pots, Hlicots of lead, standing vertically. 
Those ])ots are covered loosely, and placed 
iu a Ibruiouting mass of refuse matter, in a 
close room, which gives a moderate heat, ^-^ 
and much carbonic acid. Under the influ- a A^^TrthTn m 
enco of heat and moisture, and an acid vapor ^ A'^\Stii?r^if 
of tho vinogar, tho load is oxidized, and con- Tinegar. 
vertod into the tribasic acetate of lead. The carbonic 




(2 o08.) What are tho uses of acetate of lead ? How is the lead trans- 
ferred ? 

(i 509.) How i3 pure carbonate of lead prepared? How many 
mtithoda f The one most commonly used ? What is the process ? 
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acid then comes into play, and decomposes the acetate 
of lead, liberates the acetic acid to combine with more 
oxide formed, and this in its turn is dccomj)osed by 
more carbonic acid. Thus the process goes on, till all 
the lead is converted into the carbonate. Thus a small 
quantity of vinegar converts an indefinite quantity of 
lead into the carbonate. At the end of a few weeks the 
process is ended, and the carbonate is taken out, ground 
and washed, to get rid of any acetate that may be pre- 
sent, and dried, when it is ready for market. 

White lead is often adulterated with sulphate of lead 
and sulphate of baryta. This is easily detected; as 
nitric acid will dissolve the carbonate of lead, but not 
the sulphate of lead or the sulphate of baryta. 

(§ 510.) Tests for lead. The salts of lead, mostly, 
have a sweetish taste. The alkalies give a white pre- 
cipitate, soluble in an excess of the alkali. 

The carbonated alkalies give a dense white precipitate 
of carbonate of lead. 

The soluble sxdphates give a white precipitate. 

Sulphuretted hydrogen gives a black color to all the 
compounds of lead, even to those not soluble. 

A sympathetic ink is formed based on this fact. Write 
on a piece of paper with a solution of a colorless salt 
of lead, as the acetate, and no visible trace is observed 
when dry. Moisten the paper, and expose it to sul- 
phuretted hydrogen, and it is immediately legible, in 
dark brown characters. 



COPPER. 

Sym.Cu. Eq. S1.7. Sp. gr. 8.8. 

(§ 511.) History. This metal has been used from the 
remotest ages. Nations that have been unacquainted 

With what is white lead often adulterated ? How detected ? 
J 510.) What are the tests of lead ? How is a sympathetic ink made ? 



(§ 510.) W 
(§ 511.) W 



What is said of copper ? 
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^ilh the iTses of iron have used copper. The ancients 
called it a/prium, from the island of Cyprus, which 
yielded much of the metal; and by changes of this word 

* wo get our copper. It is one of the most exLensivelj* 
diftut^d metals ; often occurring in a native state. To 
this latter circumstance probably it is owing, that it has 
been used earlier than iron, before the reduction of iron 
was found out. 

(§ 512.) Ores of copper. There are numerous ores 
of copper, from which the metal of commerce is pro- 
duced. Native copper f suh or red oxide of coppiT^ black 
oxnhj carhonaie (two varieties^ blue and green, the latter 
called malachite), aubsulphiiret, copper pyrites, &c. It is 
often combined with iron, containing arsenic and silver, 
(§ 513.) Preparation Erom the numerous impuri- 
ties the ores contain, the extraction of copper is a diffi- 
cult process. The follomng is the one most comraonly 
employed :— The ores are roasted at a red-heat, which 
drives oft" a part of the sulphur^ all the carbonic acid, 
and renders the ore easily pounded. 

This roasted ore consists, then, of oxides of copper, 
iron, and the sulphurets of these metals. It is now 
fused in a rcverberatory furnace with silex, which unites 
with the oxide of iron, forming slag, or cinders^ leaving 
the sulphuret of copper and oxide of copper untouched, 
the copper having a greater affinity for the sulphur than 
the iron has, and the iron a greater affinity for the oxy 
g^n than the copper has, the sulphur of the iron goes to 
the copper, and the oxygen of the copper goes to the iron, 
and as the oxide of iron is formed it is taken up by tlie 

p.eilex, and removed as slag. This operation is carried to 
a certain extent, when it is allowed to cool, when a mass 
is obtained containing much less iron and sulphur than 
at iirat, and all the copper in the form of subsulphuret, ■ 
suboxide, and metallic copper. This is again subjected f 
to the same omration, with like results, the impuriues 
being continmilly removed, and this is continued till the 



I 



I 
I 



^^ ^V2,) WliAt iiro somt* t^f the ores of copper? 

li 51 ;L) Whnt is iJuv f>roe«4;« of [irepavalion of copper? 
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sulphur and iron are entirely removed, and the mass 
consists of copper and some oxide. This is tlien melted 
in a crucible, and stirred with a green stick of wood, the 
hydrogen gas is generated, removes the last remains of 
the oxygen, and a mass of pure copper is the result. 

Pure copper may be obtained for laboratory purposes 
by placing clean iron in a solution of sulphate of copper, 
washing the powder in dilute chlorohydric acid, to remove 
any trace of iron. By melting this with borax and a small 
quantity of pure oxide of copper, we obtain pure copper. 
It may also be prepared by reducing the oxide by hy- 
drogen. 

(§ 514.) Properties. Copper is a red metal, being 
the only one of this color except titanium. It has a 
high metallic lustre ; is very malleable and ductile, being 
inferior to but a few of the metals in these respects. 

Next to iron, it is the most tenacious of the metals ; a 
wire 1^0 of an inch in diameter will sustain 385 lbs. It 
is not so hard as iron, and we know of no means of 
hardening it to any great degree ; but it is thought that 
some ancient nations possessed the art of hardening cop- 
per, from the use they made of copper tools. It has a 
peculiar odor and taste, and is instinctively avoided by 
all animals. It is poisonous in all its combinations. It 
is not aflfected by dry air, but readily tarnishes by form- 
ing a suboxide, which protects the subjacent metal ; in 
moist air it is corroded, and a green crust formed on it, 
which is the carbonate of copper. The metal fases at 
1990®, and is slightly volatile at a higher heat, which is 
shown by the green color of the flame in which copper 
is placed. Under ordinary circumstances sulphur and 
muriatic acids do not affect copper but slowly. Nitric 
acid is its proper solvent. Salt water dissolves copper 
sparingly, hence the wear of the sheathing of ships. In 
the presence of fatty matters, or organic acids, copper is 
rapidly affected ; hence should not be used in culinary 

(J 514.) What are the properties of copper? How does it compare 
with the other metals in tenacity ? How does dry air affect it ? What 
effect has the acids ? What salt water ? What fatty bodies ? What 
precaution is necessary ? 
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operations unless covered with tin, as all its combinations 
are poisonous. Decomposes water at red-heat. 

TAere are three compounds of copper and oxygen: — 
The suboxide, CugO. 

" protoxide, CuO. 

" binoxide, CUO2. 

Suboxide, Red Oxide. CU2O. 

(§ 515.) This compound is found in nature under the 
name of red copper ore. It may be prepared bj strongly 
heating 5 parts of the protoxide with 4 parts of copper 
filings in a clean crucible. Its only use is in coloring 
glass ruby-red. 

Protoxide of Copper, Black Oxide. CuO. 

(§ 516.) This oxide is found in nature in large quanti- 
ties in some localities. It is readily prepared by calcin- 
ing the nitrate of copper in a crucible, stirring it during 
the heating. It is also formed when copper is heated in 
contact with the air. By calcining the scales produced, 
we obtain the black oxide. It is also produced by drop- 
ping carefully into a solution of sulphate of copper 
caustic potash in solution, and a bluish gray precipitate 
of the hydrated oxide is produced. In this state it con- 
stitutes blue verditer. Mixed with gypsum it forms Bre- 
men blue. 

It is soluble in acids, forming blue or green salts. It 
is dissolved by ammonia, forming a deep blue solution. 

The black oxide of copper is used in organic analysis, 
in burning up the carbon and hydrogen, and is prepared 
by the decomposition of the nitrate of copper by heat. 
It is the black protoxide. 

M. Th(Snard discovered the binoxide of copper, or, as 
it has been called, cupric acid, but it is of no particular 

(^ 515.) What is said of the suboxide of copper ? Wha'. use ? 

(I 51G.) How is the protoxide of copper prepared? What is blue 
verditer ? What is Bremen blue ? What effect have acida on it ? What 
ammonia ? 
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interest. M. Wurtz pointed out a combination of hydro- 
gen witli copper, the bihydruret of copper. It is very 
unstable, and has no practical interest. 

SUBSULPHUBET OF COPPER, SUBSULPHIDE. CUaS. 

(§ 517.) This compound is formed when copper is 
heated with sxdphur. The metal burns in the sulphur, 
and a grayish black mass is formed, the subsulphide of 
copper. It is found in nature as copper glance^ or copper 
in combination of the sesquisulphide of iron, called 
pyrites. It is the most common ore of copper. 

Pbotosulphuret of Copper, Sulphide. CuS. 

(§ 318.) By passing a current of sulphuretted hydro- 
gen through a solution of sulphate of copper, a dark- 
colored precipitate is produced, which is the sulphide of 
copper. In nature it occurs as indigo copper, or blue 
copper. 

Chloride of Copper. CuCl. 

(§ 519.) The chloride of copper is formed by the ac 
tion of chlorohydric acid on the oxide of copper, or by 
dissolving copper in aqua regia. By evaporation it crys- 
tallizes in beautiful green needles, soluble in alcohol, 
giving a beautiful green to the flame when burned. This 
salt, decomposed by a small quantity of potash, too little 
to decompose the wjiole, an oxychloride is formed used 
in painting, under the name of Brunswick green. Chlo- 
ride of copper forms a sympathetic ink, by heat. 

Sulphate op Copper. CuO,S03. Blue Stone, Blue 
Vitriol J Roman Vitriol. 

(§ 520.) This is the most important salt of copper. 
It is formed spontaneously in copper-mines, where the 

2 

(5 51 7. J How is the subsulphide of copper formed ? 
(I 518 ) How is the sulphide of copper formed? 
(I 619.) How is the chloride of copper formed? What are its pro 
perties ? What is Brunswick green ? 
(§ 520.) What is said of the sulphate of coppext 
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sulpliuret is found. It may be prepared artificially by 
the direct action of sulphuric acid on copper. For com- 
mercial purposes it is prepared by roasting copper 
pyrites (FejSjjCujS); the sulphides are converted into sul- 
phates, which are dissolved out and crystallized. It 
requires considerable heat to convert the sulphide of 
copper into the sulphate, and this heat is sufficient, 
mostly to decompose the sulphate of iron, and reduce it 
to an insoluble oxide. 

(§ 521.) Properties. Sulphate of copper forms beau- 
tiful, blue, transparent crystals, containing 4 atoms of 
water. In the air the crystals lose 2 atoms of water, 
and they become opaque. At 212° they lose all their 
water, and become a bluish- white powder. 

Sulphate of copper is soluble in 4 parts of cold, and 
2 of boiling water; insoluble in alcohoL It is very 
poisonous. • 

(§ 522. Uses. One of the most common uses of sul- 
phate of copper is as a mordant in dyeing. It is used 
as an escharotic in surgery, and as an emetic in medi- 
cine. It prevents smut in wheat, by steeping the grain 
in a solution of blue-stone before sowing. It does this 
by killing the spores of the smut. 

It is used extensively in the electi^otype process. 

(§ 523.) Ammoniated copper of the shops is prepared 
by grinding in a mortar 2 parts of sulphate of copper 
and 3 parts of ammonia. 

This is the ammonio-oxule of copper ^ih^i is, the ammo- 
nia precipitates the oxide of copper, and then dissolves 
it. Schweizer discovered, some time since, that this solu- 
tion would dissolve certain kinds of cellulose and silk. 
It has excited much interest on the continent of Europe, 
and promises to lead to important results in relation to 
organic products. While it will dissolve paper and 
textile fibres readily, it will not dissolve the pith nor the 
wood of trees. It does not dissolve gum, dextrine, nor 

Wovi prepared for commercial purposes ? 
f| 521.^ What arc its properties? 
h 522.) What are the uses of the sulphate of copper? 
(^523) liow is ammoniated copper prepared ? What is it? Wha( 
eifect on ceUulGse'! What on ailkl 
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Btarcli. The alkaline salts precipitate the solution, but 
will not precipitate the silk. 

Nitrate of Copper. CuO,N05. 

(§ 524.) Nitrate of copper is prepared by dissolving 
metallic copper in nitric acid. It forms a blue solution, 
which by evaporation yields blue crystals. These are 
very deliquescent in the air. 

It acts powerfully on some of the metals. If a few 
crystals of nitrate of copper be moistened by a few drops 
of water, and quickly wrapped up in tinfoil, the tin will 
immediately be burned up. 

Carbonate of copper occurs in nature, and is called 
7nalachite, one of the most beautiful minerals. Mountain 
blice is also a carbonate of copper. 

JScheek^s green is the arsenite*of copper. 

Acetate of Copper. CuO,Ac (C4H3O3) + HO. 
(§ 525.) Prepajration. By dissolving oxide of copper 
in acetic acid, and evaporating the solution, we obtain 
deep-green crystals of neutral acetate of copper. These 
crystals are soluble in 5 parts of boiling water, but little 
soluble in alcohol. The acetate of copper burns when 
heated with a blow-pipe, with a green flame- 
Verdigris. The common verdigris of commerce is 
prepared in wine-producing countries, by exposing 
sheets of copper to the action of wine-/inegar, or to the 
refuse of wine-making, by arranging in alternate layers, 
copper sheets, and refuse materials, grape-husks. After 
being exposed in this manner for some time, the sheets 
of copper are taken out and exposed to the air, and the 
crust of verdigris is removed, and the process repeated. 
This verdigris is the bibasic acetate of copper. 

Uses. Verdigris is used in painting green. It is also 
used in forming Scheele's green. 

(2 521. ) How is nitrate of copper prepared ? What are its properties ? 
How does the carbonate of copper occur? What is Scheele's green ? 

(J 525. ) How is a<;etate of copper prepared ? What are its properties ? 
How 18 verdigris prepared ? What are its uses ? 
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Alloys op Coppbb. 

(§ 526.) Copper forms tbe most important alloys used 
in tlie arts. The alloy of two-thirds of copper and one- 
third of zinc forms common brass, the most extensively- 
used alloy. It is harder than copper, melts at a lower 
temperature, and is more elastic. A small quantity of 
leacl and tin is added to brass, to make it work better. 
Dutch gold, pinchbeck, tombac, are alloys of copper and 
zinc, and are used for ornamental purposes. An alloy 
which has been much used as a durable material, con- 
sists of copper, 91 ; zinc, 2 ; lead, 1. The so-called gold 
pencils, rings, breastpins, that are manufactured in so 
great abundance, and sold so cheap, is an alloy of 66 
parts of copper, 29 of platina, and 5 of zinc. This alloy 
has all the beauty of gold, is not acted on by nitric 
acid, which deceives people into the belief that it is gold. 
It costs only about one-sixth as much as pure gold. 

Continued high temperature of any alloy containing 
zinc lessens its quantity, by burning it out. 

lite alloys of copper and tin are next in importance. 
I^hcso alloys are very hard, and were probably used for 
tools before steel was known. The alloj's of tin and 
copper are not easily made, and when made the metals 
arc liable to separate when in a state of fusion. The 
alloys of copper and tin are hard and brittle, if allowed 
to cool slowly, but if heated and plunged into cold water 
arc soft and malleable, the reverse of steel. 

Cannon metal, 
liell metal, 

Tam-tam and musical instruments, 
Speculum metal, 
Bronze, 

Alhy resembling silver. — ^Nickel, 4 parts; copper, 5 
parts ; tin, zinc, lead, iron, and antimony, each 1 part. 
Small quantities of other metals are added to these by 



Copper. 


Tin, 


90 


10 


78 


22 


80 


20 


67 


33 


95 


5 



f 2 5^6 ) What is brass ? What aUoy is used as a substitute for gold ? 
How does it deceive ? What are the characterics of the aHoys of copper 
and tin' What are some of them ? What aUoy resembles sUvcr? 
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manufacturers, according to their own UvOtions. The 
tempering of bells gives them their peculiar sonorous- 
ness. By letting them cool slowly they get the highest 
temper, and by heating them the temper is drawn. 

German silver is copper, 2 ; nickel, 1 ; zinc, 1. 

Articles of copper are sometimes covered with a coat- 
ing of tin, as tea-kettles, boilers, &c., for the purpose of 
protecting the copper from the action of materials that 
might be placed in them, and the materials thus rendered 
poisonous. Pins are made of brass wire, and tinned by 
boiling them with cream of tartar and powdered tin. The 
tin is oxidized by the water, and the tartar dissolves it, 
and from this solution the zinc and copper in the brass 
precipitate it on the pin by galvanic action. 

(§ 527.) Tests of copper. The salts of the suboxide 
are colorless, but become blue by exposure to the air. 

The salts of the protoxide are blue. 

The alkalies precipitate a grayish blue oxide, which, 
by boiling, becomes brown. 

Ammonia precipitates the oxide, and then by excess 
dissolves it, making a deep, rich blue solution. 

Sulphuretted hydrogen gives a black precipitate. 

Yellow prussiate of potash gives a brown precipitate. 

•Iron and zinc precipitate metallic copper. 

With borax the exterior flame gives a green bead, 
and the interior a red one. 



MERCURY. 

Sym. Hg. Eq. 100. Sp. gr. 13.595. Quiclcsilver. 

(§ 528.) Mercury is the only metal that is fluid at 
ordinary temperatures. It is found in nature in a free 
Btate, but more commonly as a sulphuret, called cinnabar. 
The chlorides and iodides have also been found. 

What is German silver ? How are pins covered with tin ? 

i5 527.) What are the tests of copper? 
I 628. ) What is said of mercury ? Hov bw it "b^^ri ioxxxi^l 
Jl 
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(§ 529,) Preparation. Mercury is prepared from the 
fiulpburet, or annahar^ by heating, Almriden. in tlic pro- 
vince of La Maiiclia, in Spain, and Idria, in CarnioJa, in 
Austria* yield most of the mercury of coininerce. 

It is found in other regions of the globe, but in less 
abundance. It is easily prepared from the sulphuiiet by 
roasting the ores in a peculiar furnace; the sulphur is 
converted into sulphurous acid, and the mercury reduced 
to a metallic state, and at the temperature employed is 
raised in vapor^ and condensed in neighboring chambers. 
To purity this mercury it is distilled in earthen retorts. 

(§ 530,) Properties. It is a white liquid, with high 
metalUc lustre; does not tarnish in the air, if pure; 
congeals at — 40^ ; in its solid state it is malleable and 
ductile; boils at 660°; it volatilizes at aU temperatures; 
as may be shown by placing a piece of gold-leaf over it, 
and the leaf will he affected by the mercury. Will not 
decompose water at any temperature. Is not acted on 
by sulphuric or muriatic acid at ordinary temperatures, 
Nitric acid attacks it violently. 

It combines readily with lead, tin, silver, gold, and 
^ino, forming amalgams. 

It acts on the animal economy, injuring the workmen 
engaged in its manufactures. 

(§ 531.) Uses. On account of its specific gravity it 
is used in fiUing barometers. On account of its range 
of temperature between its boiling and freezing points, 
it is used in the manufacture of thermometers. 

Its amalgam with tin is used in coating glass for mir- 
rors. 

From ita dissolving gold and silver, it is used in the 
extraction of those metals. 

It is used in the manufacture of medicines, | 

Its amalgam of copper is used in filling teeth. 

An amalgam of 4 parts of mercury and 1 of bismuth 
possesses the property of adhering to glass. By drop* 

it 629. J IIow prepared T From what coutitrioe obtained ? 

\i 5aO,) What iir« its propeniea ? What m\d ucls upon it 7 Wliat at-9 j 
lis compounds with the nnstals caUtdT How dm» ii aflect Hie unimjil f 
»jsiem f 
a rm,) What ore i«B ns^^sl ^^^1 ^^«s~ ""^ ^Wu^^^i^- ^im^\fcxlt^ 
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ping it into hollow glass globe, and turning it, so aa 
to have it cover every part, it adheres and forms globes 
beautifully lined with metal. 

An amalgam of 2 parts of zinc and 5 of mercury 
make the material us^ in exciting electrical machines 
which is applied to the rubber of the machine. 

Mercury and Oxygen. 

There are two oxides of mercury : — 

Suboxide, Hg^O. 

Oxide, HgO. 

(§ 532.) The suboxide of mercury is readily prepared 
by adding potash to the subchloride of mercury — calo- 
mel. When lime is used in the precipitation, it is called 
hJack'Wash, It is very unstable, passing into the pro- 
toxide and metallic mercury. 

Protoxide of Mercury. HgO. 

(§ 533.) This oxide is prepared when mercury is raised 
to near its boiling point in contact with the air. 

It is prepared also by calcining the nitrate of mercury. 
It is then called red jprecipitate, or nitric oxide of mer- 
cury, or subnitrate of mercury. 

An alkali added to corrosive sublimate {chhruk of 
mercury) forms a yellow precipitate of the oxide of mer- 
cury. When lime is used it is called yellow-wash. 

It is used in organic analysis, on account of its readily 
yielding its oxygen. It converts chlorine into hypochlo- 
rous acid. 

Compounds of Mercury and Sulphur. 

There are two compounds of sulphur and mercury, coire- 
sjyojiding to the two oxides: — 

Subsulphide or subsulphuret of mercury, HygS. 
Sulphide or sulphuret of mercury, HyS. 

thermometers? Why in getting gold and silver? How is glass covered 
with it? What is the amalgam for electricity t 

(§ 632.) How 18 the suboxide of mercury prepax^^*! 'SR'^wjA. \a W*.0«. 
wasJi ? 

(§533.) How 28 the profoxidc of mercury prepaTftOin ^V^^ <i^iS\a^ 
red precipitate? IVhaf is jell ow- wash ? 
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(I 53i,) The first is of no mterest^ the feecond is tta 
ore of rntircur}% from wliicli the metal is obtained. 

The sulplmret of mercury may be obtained by pac- 
ing a current of sulphuretted hydrogcii through a solu- 
tion of the nitrate of mercury. 

Properties, It is a black powder. It sublimes with- 
out alceration, and condenses into a fibrous crystallino 
mass of a violet color, and known as cmnahar. 

This aulphuret of mercury is vermiUion, and is pre 
pared in the following manner * — 

Take 300 parts of mercury, 114 parts of sulphur 
grind them together for two or three bours. Add 7a 

i>art3 of potash^ dissolved in 400 parts of water, and 
:eep the mass to the temperature 122^j when the black 
Bulphuret becomes beautifully red. 

The sulphuret of mercury dissolves in a^jua regia, but 
not in any one of the acids alone* 

Combinations ot Chloriite and Mercury. 

There are two compounds of chhrine awl "meratryi corre^ 
ijponding to the oxides and sulphurds: — 

Subobloride, HgaCL 



Chloride, 



HgCl. 



SuBCHtORiDK OF Mkbcuey. HgsCl. Cahmel. 



I 



H 



(I 635,) The easiest method of preparing cahmel is to 
mingle one equivalent. 185 parts of corrosive sublimate, 
with one equivalent, 100 of metallic mercury. 

By subliming the mixture we have calomeL M 

Properties. It is scarcely at all soluble in water* IsB 
slowly decomposed by ligbt, forming the protochloride, 
corrosive sublimate, and metallic mercury, forming a 
gray powder. Calomel thus prepared should be carefSly 
it is excessively poisonous, :f corrosive sublimate ro-^ 
mains in it. f 

(^ l>34,) Row ia iha BulpliuTet qf mercury obiainetl ? Wliat are Us pro- 
pertios? When called cinnfvbur? ilow h TerxuiUion prepored? 

(^ 535.) Row 'i$ CEilomcl prtyparedt AVliat arc its propertbi ? Hoi 
do^3 IMit nffeijt U? 
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PROTOCHLORIDB OF Mercury, HgCl. Corrosive Sub- 
limate, 

(§ 536.) Corrosive sublimate is obtained by dissolv- 
ing 2 parts of mercury in 3 parts of sulpburic acid, by 
heat. The solution is tlien evaporated to dryness, and 
mixed with IJ parts of common salt. To avoid the 
formation of a subsulphate of mercury, a little man- 
ganese is added. This product is sublimed, and it is the 
corrosive sublimate of commerce. The reaction of the 
salt on the sulphate of mercury is thus expressed — 
HgO,S03 + NaCl = NaCSOs + HgCl. 

Properties. It dissolves in 16 parts of cold water, 
and 3 parts of boiling water. 

It has an acid reaction. It is soluble in alcohol and 
ether, more so than in water. Ether will abstract corro- 
sive sublimate from its solution in water. 

Chlorohydric and nitric acid dissolve it. 

Albumen forms an insoluble precipitate with corro- 
sive sublimate, hence, is an antidote to the poisonous 
effects of it. 

The white of an egg is the best antidote. It is to this 
property of forming insoluble compounds with organic 
products that corrosive sublimate owes its antiseptic pro- 
perties ; of preserving wood in the process of kyanizijyjj 
and of preserving in a moist state animal products. 

As a reagent in the laboratory it is often used, in 
obtaining other chlorides. 

Goodbyes solution for preserving organic substances 
consists of 

Salt, 4 oz. 

Alum, 2 oz. 

Corrosive sublimate, 4 grs. 
Water, 2 qts. 

(§ 537.) Corrosive sublimate is one of the most viru- 
lent poisons, and is often used for criminal purposes. It 

(§ 536.) How is corrosive sublimate prepared ? What are its proper- 
lies? What acids dissolve it ? What effect has albumen on it ? What 
is the best antidote ? What is kyanizing? What is Goadby's solution 
for preserving organic substances ? 

(2 537.) How is corrosive sublimate detected ^^ 
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is easily detected in any solution. Place a drop of the 
suspected substance on a piece of gold-leaf placed on a 
piece of zinc, and touch the gold,-leaf and zinc through the 
solution with the point of a knife, and the mercury will 
be deposited on the gold-leaf, and turn it white, and dis^ 
solve it. 

Cyanide op Mercl^ry. HgCy(NC2). 

(§ 538.) The cyanide of mercury is prepared by boil- 
mg 2 parts of Prussian blue, reduced to fine powder, and 
1 part of the protoxide of mercury, and 8 parts of water. 

The cyanide of mercury is used to obtain cyanogen 
and cyanhydric acid. 

Salts op Mercury. 
Sulphate of Mercury. HgO,S03. 

(§ 539.) The sulphate of mercury is obtained by heat- 
i ag metallic mercury with strong sulphuric acid. A part 
of the SO3 is decomposed, oxidizing the mercury, and 
liberating the sulphurous acid, and the oxide, uniting 
with an undecomposed atom of SO3, forming sulphate of 
mercury. 

Uses. It is used in making corrosive sublimate 
directly, and calomel indirectly. 

A tribasic sulphate is produced by the action of a 
large quantity of water, which is a citron-yellow powder, 
called turhiih mineral. 

Nitrate of Mercury. HgO,N'06. 

(§ 540.) There are two nitrates produced by the action 
of nitric acid on mercury, when crystals are produced. 
The crystals are a basic nitrate ; the liquid contains the 
neutral nitrate. Water decomposes both of them, form- 
ing the tribasic nitrate. 

(§ 538.) How is the cyanide of mercury prepared? For what is it 
used? 
(§ 639.) now is the sulphate of mercury prepared? What are its 
uses ? What is turbith mineral 'i 
(I 540.) What ia said of the nilTalca oi mcTcxrc^l TLo^ \^ i>\\\sa\i\kN:YW|, 
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finished by the surface of the silver becoming brilliant, 
no more oxides being formed, which the workman calls 
flashing. 

Iiiquation. When a large quantity of copper and 
lead is present the process of liquation is adopted, as 
with tin. The mass is placed on an inclined heated 
hearth, and the alloy of lead and silver melts sooner than 
copper, and by carefully adjusting the heat, the silver 
and lead will run off, leaving the copper; and then by 
cupellation the lead is separated in the form of litharge. 

(§ 542.) Properties. Silver is a white metal, more 
brilliant than any other, soft, malleable, and ductile; sur- 
passed only by gold in these respects. It melts at white- 
heat, and when in a melted state will absorb 22 times its 
volume of oxygen, which it yields on cooling. 

Is not acted on by air or water, but is readily tar- 
nished by sulphuretted hydrogen. 

Its tenacity is greater than gold, but not so great as 
that of copper. It volatilizes at high heat. 

Dilute chlorohydric and sulphuric acids do not act on 
silver. Nitric acid is its proper solvent. 

(§ 543.) Alloys of silver. Pure silver is too soft to 
"be used in the arts in that condition. It is alloyed with 
copper whenever it is to be empftyed as a metal. A small 
quantity of copper increases its hardness and elasticity 
greatly, but diminishes its malleability and brilliancy. 
The latter is restored by immersing the article manufac- 
tured from the alloy into a boiling dilute solution of 
sulphuric acid, or sulphate of potash, which dissolves 
out the copper, and leaves a surface of pure silver, which 
by burnishing gives it all the brilliancy of pure silver, 
or unburnished, it is a dead white surface. 

The alloy for ordinary silver-ware is about 7'^ copper. 
If more than ^^ of copper is added, the articles will 
rust. 

What is the process of liquation ? 

(J 542. ) What are the properties of silver ? How do water and air 
affect it ? What does act upon it ? Whal effect A\a.^G \\\^ ^t\^^ ora. \V\ 

(§543.) Why is silver alloyed? How does \\ie aWo^ <iQm^w^ ^NN^ 
Oie metal r How is the brilliancy restored t NNVia-t \a W^ ^3i>^^^^ ^^^ 
11 * 



The silv.*r coia of tlic United States is /o silvet and 
i\ copper. 

The Eiiglisli coin is bettcr^ — 11.1 silver, .D copper. The 
Fmiii^h is tlie same as ours. 

Silver articles are made by hammering and rolling, 
and nut by casting. Silver does not cast wclL 

Silver platiufj is accomplished by placing a plate of 
silver on a plate of copper, and then rolling out the com- 
pound mass, and the relative thic.bness will be preserved 
after rolling that it was before — one-thirtieth is usual. 
If a bar of copper^ 1 inch thick, be united by heat, not 
soldered, to a bar of silver one-thirtieth of an inch, 
and then rolled out to one-eighth of an inch, the silver 
wdl still be exactly one- thirtieth of the copper. 

Electro-plating, This is accomplished by making 
the article to be silvered the negative pole of the battery 
immersed in a solution of cMoride of silver in cyanule 
of potasSLitm. 

(I 544.) Silvering on ^lass. This process consists in 
precipitating metallic silver on plates of glass. The 
nitrate of silver is mingled with aqua ammoniaj eacli 1 
oz.f and alcohol and water, each S 025, ; let the solution 
stand three or four hours, and filter. Add 2 drachms of 
sugaT; dissolved in equal quantities of alcohol and water. 
Pour the mixture on the glass to be silvered, keeping up 
the tempervUure to about 160°, till the silvering is com- 
pleted. The oils of cloves, cassia, caraway, and a solu- 
tion of gun-cotton in caustic potash, may be used instead 
of sugar* The reaction in these cases is, that the hydro- 
gen of the sugar, oils, &c,, reduces the silver to a metallic 
state, the ammonia keeping it in solution. Silvering pow* 
ders are made in various ways. The brass or copper to 
be silvered must be clean and bright. Then apply the 
powder by a wet cloth. Chloride of sUver, which is 
obtained by precipitating it from a solution of nitrate of 

silvei'-TTnTe ? What m the coin of rhe Unired SLflleflt Wlmt of En£- 
huid? Fmnce? How ia sUvi*t-pliitiiig accompHshetl? How eloL^tro- 
planting! 

( g 644. ) JTow is glnss silTered ? What is tbe rcaoiion X Wbat it 
»fl?(3ring powder? 
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silver by common salt 2 parts, pearlash 6 parts, salt I 
parts, whiting 2 parts. Grind the materials togethei 
Or precipitate silver, by copper, 1 part, common salt an( 
cream of tartar, each 2 parts. When silvering is done 
it should be washed in an alkaline solution, and rinsed 
and wiped dry. 

A silver bath. Nitrate of silver 1 part, sulphate oi 
soda 7 parts ; dissolve in water, and dip the article in thi 
solution. 

Silver and Oxygen. 

There are three oxides of silver j only one of which wil 
<3emand our attention : — 

Suboxide, AgaO. 

Protoxide, AgO. 

Binoxide, Ag02. 

Protoxide of Silver. AgO. 

(§ 545.) The protoxide is the only basic oxide. This 
is a powerful base, neutralizing perfectly the stronges 
jacids. 

Preparation. It is prepared by precipitating it fron 
the nitrate of silver by potash. 

Properties. It is a brown powder. Very unstable 
heat or light decomposing it more or less perfectly. 

Ammonia dissolves it, forming a highly explosiv( 
compound, by evaporation. 

Uses. The oxide of silver is used in medicine. Anc 
it is sometimes mixed up into pills with organic mate 
rials, which take fire spontaneously. 

Sulphide or Sulphuret of Silver. AgS. 

(§ 546.) This compound is found native, and callec 
silver glance. Red silver ore is a double sulphuret of sil 
' ver and antimony. 

(2 545.) What is said of the protoxide of silver? How prepared 
What are its properties ? What dissolves it ? What arc its xi«^at 
(§ 546.) What is suJphide of silver ? 
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CnLOEiDE OF Silver. AgCL 

(§ 547.) JTorn silver is the cliloride of f^ilvcr. 

It is obtfiined ensilj by adding a solution of common 
salt to a solution of nitrate of silver. It la white at first, 
tlieu violet, and then blacky if exposed to the light of 
the sun. These changea arc supposed to be owing to the 
liberation of chlorine, forming a subchloride. 

Completely insoluble in water. Cyanide of potas- 
sium dissulvcs it, readily forming the silvering solution. 
Hyposulphite of soda also dissolves the chloride before 
exposed to the light. 

This fact is taken advantage of to iis photographic 
pictures* The chloride, that has not been affected by the 
lights is dis!?olved off by the hyposulphite. 

The iodklm and hmmiiks are similar to clilorides. 

Nitrate of Silver, AgOJiOa. Lunar Canstic. 

(I 548.) PreparatiDn* Nitrate of silver is prepared 
by dissolving pure silver in nitric acid^ and evaporating 
the solution. 

Properties, It crystallizes in thin rhomboidal plates, 
colorless. It is soluble in its weight of cold water, and 
half its weight of hot water. It melts easily, and is 
unchanged. It is usually cast into sticks, when it is 
called hmar cauMic, It corrodes the skin, and is used aa 
an escharotic to destroy proud flesh, warts, &c. It pro- 
duces a black stain on organic substances, and is used to 
dye the hair, and for inarkitig lineUj as ordinary washing 
will not remove the ink, hence called indelihk ink. Cy- 
anide of potassium vill remove it. 

Uses, It is extensively employed in the laboratory 
as a reagent. 

It is etnployed as a medicine. When taken internally 
it is ajtt to give a blue color to the skin, if the person is 
exposed to the sun. 

I In tlie preparation of all the other compounds of silver, 
the nitrate is used. 



(^ 547.) What is chloHde of eilvor! How obtained ! Ilow does the 
eohr chauiSf} f Wlmt disMolv^e it? Wlmt ftdvajiUgc lali^n nf ii T 
(§ 5IS ) How J8 niit'ate f>f &Uvcr pv^paT^dl Wa.vJL Mit \\.% ^\«i^^\l%st t 
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The chloride, bromide, and iodide of silver, one or 
more of them, form the sensitive surface in all the varied 
productions of the photographic art. 

Photography. This subject deserves more than a mere passing 
notice, even in an elementary work on chemislry. In 18-39, Dagucrre 
demonstrated, that a plate of silver, covered by a thin film of the iodide 
of silver, was more or less modified, by exposure to light; and the 
extent of the modification was in proportion to the intensity of the light. 
It was greatly altered in the strong lights, not at all in the non-illumi- 
nated portions, and slightly in the half tints. 

But these changes were invisible. To make them apparent, it was 
necessary to expose the plate to the vapor of mercury, which formed an 
amalgam with the altered portions, corresponding to the light parts, 
and did not attack at all the portions of the plate covered with the 
unaltered iodide, corresponding to the dark parts. It only remained to 
remove the iodide from the surface, which was readily done by hypo- 
sulphite of soda. 

The above constituted the foundation of the photographic art. It was 
the beginning. Had it gone no further, it would have been of compara- 
tively little interest to what it now is. That was the substance of 
l)aguerre*s discovery. It is doubtful how much of the credit, of even 
80 much, is really due to him. There . is some reason to suppose that 
M. Niepc6 was the originator of the process. He died in 1833. In 
this state the impression on the plate was very faint, and the coating 
wanted sensitiveness. For taking likenesses of persons, it was nearly 
useless, as an exposure of some minutes was requisite to get an impres- 
sion. 

The improvement in quickness and depth of color is due to the use 
of chlorine and bromine. Still more distinctness was attained by gild- 
ing, which consists in precipitating gold on the picture, by heating a 
solution on it. 

The silver plates were objectionable, from their reflection ; the pic- 
ture not being distinct, only at a given angle. An improvement was, to 
get rid of metallic plates. Paper and glass arc now almost universally 
substituted. 

Paper photographs. These are sometimes called Talbotypes, from 
their inventor, who made the discovery in 1841. The paper is first 
brushed over with a solution of nitrate of silver, and then placed in a 
bath of iodide of potassium, with the silver surface down. We have now 
a coating, but little sensitive, of iodide of silver. To inptkc t^o surface 
highly sensitive, it is brushed over with a solution of nitrate of silver, 
gallic and acetic acids. When the surplus liquid is properly removed, it 
is exposed in the camera, and the image is impressed, but faintly percep- 
tible. By rewashing it with the last solution, the image is developed. 

This is a negative picture, the lightest portions of the object being 
the darkest in the picture. To get a positive picture, this picture is 
placed upon a sensitive sheet, and exposed to the light, and a reverse 
picture is produced, having the light and dark portions corresponding 
to those of the object. The gallic acid is the developing agent here. 
These processes are infinitely varied by different operators, and for 
different purposes. 

Ambroiypes, or photographs on glass. Tlie gVaas imist t^^w?^ ^ <i<2>^HAxv^g^ 
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that will be sensitive, and at the same time permanent. Gelatin and 
collodion fulfil these conditions. The latter is now wholly used, va 
believe, and the coating is made sensitive by the same agents as in the 
other photographs. The back of the glass is coated with dark-colored 
solution of some resin, which gives distinctness to the image. 

In the above processes silver forms the basis of them all; yet this is 
by no means the only substance that affords sensitive materials. They 
are innumerable in the vegetable and mineral kingdoms. A solution 
of guaiacum has long been known to be sensitive to the light. Solu- 
tions of gold, iron, and chromium afford sensitive compounds, and many 
others which have been indicated in this Chemistry. 

(§ 549.) Tests of silver. Potash and soda give olive- 
brown precipitates. 

Carbonated alkalies give white precipitates. 

Prussiate of potash gives a white precipitate. 

Hydrochloric acid gives a white precipitate, which 
blackens by the rays of the sun. 

The solutions of silver are precipitated by copper, 
zinc, and mercury. 

The precipitate produced by mercury is an amalgam 
of silver, and is the arbor Dianse. It may be produced 
by dropping a few globules of mercury into a solution 
of nitrate of silver, and letting it stand several days. 

Fulminating silver is prepared by the action of con- 
centrated ammonia on recently precipitated oxide of sil- 
ver, still moist. In several hours most of the oxide i3 
dissolved, and a black compound remains, which is thrown 
on a filter, and allowed to dry spontaneously. It is a 
dangerous compound, and should be experimented with 
only with the greatest caution. The reaction is thus ex- 
pressed: lAgO + NII3 = HO + AgNHz, being an amide 
of silver. 



GOLD. 
Sym. Au. Eq. 197. Sp. gr. 19.3. 

(§ 550.) Gold is not only a noble metal, but has been 
called the king of metals. And from its resisting pro- 
perties it may deserve that distinction. 

(} r)49.) What tests for silver? 
(^ ooO.) How is gold separated when aWo-yed. mV.\i\^%i^ %xA ^«\i^t\ 
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It occurs only in a native state, never mineralized, but 
usually combined, in greater or less quantities, with other 
metals. 

When the gold is alloyed with lead and copper, it is 
separated by cupellation. When with silver and copper, 
it is boiled in concentrated sulphuric acid, which dissolves 
the silver and copper, and leaves the gold in fine powder. 
This process is called parting, 

(§ 551.) Properties. It is almost as soft as lead. It 
is the most malleable and ductile of metals. When re- 
duced to sufficiently thin leaves it is transparent, trans- 
mitting green light. It has but little tenacity. It is 
difficult of fusion, and is said to be capable of welding, 
when near its melting-point. It contracts more than 
any other metal in cooling, hence unfit for casting. 

It resists the action of all ordinary chemical agents, 
chlorine being its proper solvent. Muriatic acid, with 
any article that will take away its hydrogen, will dis- 
solve gold, forming the terchloride of gold. Nitric acid 
(forming aqua regia), peroxide of manganese, chromic 
acid, &c., will do it. A little lead destroys the mallea- 
bility and ductility of gold; copper makes it harder, 
more fusible, and lighter, than a mean between the two. 

Oold coin is 11 parts of gold and 1 of copper. 

Jeweller's gold is 3 parts of gold and 1 of copper. 

Oold leaf is prepared from pure gold drawn out into 
bars, the bars cut up into short pieces, which are ham- 
mered out between leaves of parchment. These sheets 
are cut up into small squares, and hammered between 
sheets of gold heater^ s skin. By continuing this process 
they obtain the leaf so thin, that one ounce of gold may 
cover 100 square feet of surface, or so that it would take 
382,000 leaves to make an inch in thickness. 

(§ 552.) It is often of importance to cover articles 
with gold to protect them from outward influences. This 

What is parting ? 

(J 551.) What are its properties? What is said of the action of che- 
mical agents? What is its proper solvent? What effect has copper 
in the alloy? What is gold coin? What is jeweller's gold? What is 
gold leaf? 

(J 652 ) How is gilding by amalgam done^ "H.o'?i tcl*.^ <iO\.^«t w\st^^^ 
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process is called gliding, wtich is accomplisbcd in ran- 
ous ways. 

Articles are often gilded by an amalgam. A solid amal- 
gam ia formed wit)i gold. Tlie article is tben rubbed 
over with mercury, and an amalgam is formed ou its 
surface. The gold amalgam is then applied, and the 
mercury driven off by heat* The article is tben bur- 
nished, and a coating of gold is produced. It is evident 
that this process c^n only be used on tbose articles that 
will form an amalgam Avlth mercury, and which can be 
heated after the process, to drive off the mercury. 

Copper articles may be gilded by dissolving chloride 
of gold in the carbonate of potash, and boiling the sola- 
tion, and immersing the articles in it. Jewelry, buttons, 
&c., are gilded in this way. 

Electro-gildinfj is the most desirable mode of gilding, 
as all kinds of articles may be gilded^ and aay amount 
of gold may be deposited, from the thinnest film to any 
till civ ness desired. 

This is aecomplislud l-y plactTig the article in a bath 
of chloride of gold dissolved in cyanide of potassimn, and 
attached to the negative pole of the battery^ with the 
positive pole formed of a sheet of gold immersed in the 
same bath. 

Chloride of gold is readily dissolved in ether, and 
iron, steel, or ivory dipped in this solution, and exposed 
to the air, the ether flies off, i^iid the gold remains, gild- 
ing the article. Gold letters or figures may be formed 
on steel, by writing with the ethereal solution. 

To gild china, earthenware, or glass, powdered gold is 
mixed with. borax and gum*water, and the material put 
on with a brush, when, by high heat, the gold remains, 
and the organic materials are burned up. 

Silk, ribbons, and ivory may be gilded by moistening 
the article with a solution of chloride of gold, and expose 
it to the action of hydrogen; tbe gold is reduced. 

There are no coio pounds of gold of any interest, except 
the clihriik and pnrpk of Casskts. 

he j^nded? How ia ckch'o dUUng accompU^lieiH How ma j Iron be 
gilded T How is china gUdud ? Uow mtij *V\V^ -EiXiboua, &«j.,bA (^Idcd t 
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(§ 553.) The chloride of gold, AuCl.-^, is prepared by 
dissolving gold in aqua regia, consisting of 1 part of 
nitric acid and 4 parts of HCl, and evaporating the solu- 
tion ; when a mass of red crystals is obtained, called the 
terchhride of gold, AuCla. 

Properties. The chloride of gold is soluble in water, 
alcohol, and ether. The ether has so strong an affinity 
for it, that it will take it from the water. This solution 
is sometimes used in medicine, under the name of aurum 
potahile, 

P\irple of Cassius is made by dissolving 1 part of 
gold in 5 parts of aqua regia, composed of 1 part NO5 and 
4 parts of HCl. 

This solution is evaporated to dryness, and redissolv- 
ing with 20 times its weight of water, and filtered, and 
placed in contact with granulated tin, when the purple 
of Cassius is slowly formed, which is washed and dried. 
It is the stannate of gold and tin, expressed by the 
formnila : AuO,Sn02 + SnO,SnO, + 4H0. 

Through the agency of the chlorine, the gold and tin 
are oxidized, by the oxygen of the water, which the 
chlorine decomposes to get the hydrogen. 

Uses. The purple of Cassius is employed to give a 
purple-red color to glass, porcelain, and earthenware. 



PLATINUM. 
Sym. Pt. Eq. 98.7. Sp. gr. 21.5. 

(§ 554.) Platinum occurs in a native state. It is usually 
alloyed with a little iridium and other rare metals, and 
sometimes with gold. 

It occurs in grains, as we find it in commerce, and of 
sufficient purity for all practical purposes. 

Properties. It is a dull white metal, the heaviest of 
all metals. 

(2 553. ) How is the chloride of gold formed ? What are its proper- 
ties ? . What is aurum potabile ? How is the pwrpl^ oi Q,\!k,^?>\\5a isv'sA'i^ 
What 28 the reaction ? What are its uses t 
(§ 564.) How does platinum occur ? What arc \vft ^to^^^Xa^^^ 
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It IE very raalleable and ductile, excelling all other 
metals, except gold and silver, in lliese respects. It is 
more tenacious than either gold or silver, yielding only 
to iron and copper in tliis respect. It is harder than 
gold. Expands little by heat, and conducts beat badly. 
It is fnsed ivith the greatest diiHculty- It may be welded. 
It is not acted upon by any of the acids alone. The aqua 
regia is the solvent most convenient. 

Platinum is attacked by potash and soda, and by the 
nitrate of potash ; hence, we should not expose tbcm to 
high heat in platinnm crucibles. There are many other 
substances, also^ that attack platinum at high heat, and of 
course should not be heated in these costly crucibles. 
Phosphorus, arsenic, silicon, and some of the raetals. 
(§ 555.) Platinum possesses a singular property of con- 
densing gases on its surface. The ilamcless 
lamp is an example of this kind. A coil of 
platinum -wire is heated and placed over a cup of 
ether, and the vapors of tlie ether will keep it 
red-hot till the etlier is exhausted. This is 
occasioned by the condensation of the oxygen 
of the air and vapor of ether on the surface of 
the platinam, so that they are made to combine, 

Platiuuru black is much more powerful in this respect* 
This substance is prepared by boiling the carbonate of 
soda and sugar with the chloride of pla- 
tinum. These decompose the chloride, and 
precipitate the metal as a black powder, 
wlucii is called platinuin black, which pos- 
sesses remarkable properties. This sub- 
stance will absorb 250 times its volume of 
oxygen. If some drops of alcohol be let 
i\dl on the black, in this state, it will take 
fire. IJ' some of this black be placed under 
m *■ .^«: , . ^ reeeiviif, whose sides are wet with alco- 

PlatiDiimwiro kept i, i .t ' n i t i -n i i 

rerihot ioik Tupur uoi, the vapor of alcohol will be converted 




Of ttbur. 



m£o vinegar. 



WLat i$ its proper soWenL I Wbut otlior agents uttiick it f 
(I 5.>k) Wlmt lingular piopotry docs it possess * What ia the flamo- 
WS3 Itxmp 1 Wiiw 13 piatmuHi bliick prepurcd ? WhaL are i(a properties? 
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Spongy platinum is prepared by adding ammonia to 
PtCl, heating the precipitate, which is only another form 
of minutely-divided platinum. It will inflame 
a jet of hydrogen cast upon it. Doberenier's 
lamp is constructed on this principle. A mix- 
ture of oxygen gas and sulphurous acid, passed 
piaunum- ^^^^ ^pougy platiuum heated to 300° or 400°, 
ftpo?^?" forms sulphuric acid. These substances lose 
"SS!^th' their properties after some time, but are readily 
hjdrogen. restorcd by heating them, or by the action of 
nitric acid, and then heating them. 

(§ 556.) Uses. The resistance which platinum offers to 
chemical actions, makes it very valuable in the labora- 
tory for the makmg of crucibles, spatulas, poles for the 
battery, and the positive element in the galvanic battery. 

Bichloride of Platinum. PtClg. 

(§ 557.) The only compound of platinum, that demands 
our attention is the chloride, which is prepared in the 
same manner as the chloride of gold, by the action of 
aqua regia on platinum, the formula being PtCL. By 
evaporation we obtain a dark red-brown substance, which 
does not crystallize. It is very soluble in water and 
alcohol. ^ 

Uses. It is a valuable reagent, especially in testing 
the presence of potash and ammonia, with which it gives 
a yellow precipitate. 

How is spongy platinum prepared ? What are its properties ? 
(9 556.^ What are the uses of platinum? 

(J 557.) "What is said of the bichloride of platinum? What are its 
properties ? What are its uses ? 
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I (§ 558,) '* Th€ object of orf^anic diemisiry is to discover 

tfm chemical cmiditions, which are cs^enlicd to the life ami 
perfect development of animals and vegetables; and to inves* 
tifjale all those j^rocesses of organic nature^ which are due to 
the operation of chemical Zaw^,?J'— Leibig, 

The above definition of organic chemistry plainly 
iaijludea all tlio conditions that influence tbe life of 
pUnts or animals, as herit, lij^ht, moisture, food, &c.^ and 
also investigates all the products that are found in th^e 
two great kingdoms 'of nature, and explains, as far aa 
possible, the nature of the changes that take place in 
living l>eing.=, 

(§ 559.) Thii animal kingdom is entirely dependent an 
the vegetable. No animal can liye on materials that have 
not beeu elaborated for it by the vegetable kingdom. 
Vegetables are the purveyors for animals, and more than 
thatj they not only collect the food, but they prepare it 
for animal consumption, No materials, therefore^ are 
found in animals that are not Ibund in vegetables. 

(I 5(30.) The natural course for the study of organic 
chemistry is, therefore, to commence with vegetables. 
The first question that arises is, of tvhat do vegetables con- 
sist f The answer to this question includes all the mate- 
rials that make up living beings. 

The analysis of the following plants, gives the follow- 
innr results- 1000 parts of the dried vegetables are 



taken, and 



Grass gives 
Peas give 
Wheat gives 
Potatoes give 



C. 

517 
465 
455 
411 



0. 

3S& 
401 
431 

439 



66 
61 
57 
53 



N. 

38 
42 
34 
12 



90 
81 
23 

60 



(i 558.) What la the oljjeet of orgnnic chemistry? 
il 55!>.) On Tfhut is the animal kingdom tkpcndentT How are fege- 
tul}ka and jinimnl:? rclaf cd ? 
(I MO.) Of Tvhat do planra coasist ? How much earboa T How moeli 

V2m\ 



I 



I 
I 
I 
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It is readily perceived that carbon forms nearly one- 
half of the above vegetables, and it is not very unlike 
the above in any vegetables that may be chosen. Oxy- 
gen a little less than carbon, hydrogen about y^, nitrogen 
&om -^ji to ^V> being more variable than either of the 
above elements, and not only variable in different vege- 
tables, but as variable in the same vegetable at different 
periods of its growth, and in different parts, as we shall 
see hereafter. The amount of ashes varies from ^'o to 
]*o, and varies greatly in the different periods of growth, 
and in different parts of the plant. 

(§ 561.) Organogens. The four elementary bodies 
above given, viz., oxygen, carbon, hydrogen, and nitro- 
gen, have been called organic elements, and organogens, 
because they all enter into the composition of every living 
being, and two or more of them into every organic pro- 
duct. In nature, no other element is ever substituted for 
one of them, and no other element is scarcely ever present 
unless all of these are present. They must all be present 
to allow the agency of any foreign body. If sulphur or 
phosphorus is present, it is only in those compounds that 
contain the four organic elements, except in some of the 
sulphuretted oils, and then not in the living plant. Carbon 
is always present. 

Ashes. The ashes of plants are composed of several 
metallic bases combined in the plant with organic acids, 
but in the ashes, with inorganic acids, or elementary binary 
compounds. The ash of the potato contains carbonic acid, 
sulphuric acid, chlorine, phosphoric acid, potash, soda, 
lime, magnesia, iron, and silex. Potash is much the 
most abundant portion of the ashes of land-plants. 

(§ 562.) Sources of carbon in the plant. It becomes 
an important question. Whence do plants derive these ma- 
terials as food? Carbon is derived /rom the air, as carbon c 

oxygen ? How much hydrogen ? How much nitrogen ? Which is the 
most variable ? How do the ashes vary ? 

(J 561.) What are called organogens? Can another element take the 
place of one of them ? Do they all enter into combination with any 
fewer than all of them ? Which element is always present in all organic 
products ? Of what are the ashes of plants composed ? 

(J 562. ) What is an important question ? Whence do plant? .lerlva 
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acid, and absorbed by the leaves and green portions of 
the stems; or from the soil ^^ which the cai'bouic acid 
is held in solation by water, and is taken up by the 
roots. 

That the carbon is taken into the plant in the form of 
c^irbonic acid is evident, since there is no other form of 
carbon, existing in nature, in which it could be supplied ; 
and from the oft and easily repeated experiment, tliat 
carbonic acid is readily absorbed by the leaves of plants, 
and its place supplied by a nearly equal quantity of 
oxygen. That it is supplied by the air^ or may be st), 
is abundantly made manifest by the following eoosU 
derations:^ 

1. There must have been a time, when there was no 
organic matter in the soil, from the decay of which it 
could have been produced. The first plants then must 
have received their carbon from the air. 

2. Plants will grow with no connection with the sod. 
This is often exhibited in nature, as in the case of the 
hanging moss, Tillamhia usneouks, which grows on trees, 
hut forms no attachment with the trees on which it 
grows. The whole group of cpidendrons (growers on 
trees) grow without any attachment, that atlbrds tbcm 
nourishment. All their food comes from the ain 

Seeds sown on cotton floating on water, as wheat, will 
germioate, and grow, and produce large plants, when fed 
only with pure water ; but will not produce fruit, the 
reason of which we shall see hereafter, 

S, Tlie process of fallawlng proves that plants derive 
much of tbcir nourishment from the air. This coui^ists 
in ploughing in growing crops, which enriches the soil 
This soil evidently could not be enriched by returning 
to it simply what was taken from it. Farms, too, that 
have been cultivated for two centuries are richer now 
than wlien they were first opeocd for cultivation, and 
during all this period nothing has been carried on to 
them, but every year much has been carried off. Grain, 



dteiv cjirljon ? What r«fison for ^iipposmg it to be in tho form of i^ht- 
bmm acid 't Whiit is ilic fiisft rcusDn for siippoialjig iuu be supplied bj 
tiii; iiir? Wliiit is the second rcibfiuti? Wlmi ia Uie lliivtl rci«aont 
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meat, butter, cheese, and fruits have been exported, and 
in return have been brought back money, sugar, coffee, 
and the various luxuries of life, but nothing to enrich 
the soil. The products exported, with the exception of 
a small quantity of inorganic element, liave been drawn 
from the air. 

4. The air contains no more carbonic acid now than it 
did in ages past ; and there have been poured into it mil- 
lions of tons every year. The burning of every 6 lbs. of 
coal would give to the air 22 lbs. of carbonic acid ; and 
7,000,000 of tons of coal are consumed in the United 
States every year, which would give more than 25,000,000 
of tons of carbonic acid. So every human being gives 
nearly 2 lbs. of carbonic acid every day, which would give 
more than 40,000,000 lbs. All other animals are doing 
the same thing : all combustion of wood and similar sub-, 
stances, or their rotting or decay, is giving this gas to 
the air, and yet it does not become vitiated. Vegetation 
draws the poisonous currents out, as fast as the above 

^processes supply them. 

5. The increase of carbonaceous matter in the soil by 
spontaneous growth, and the constant removal of it 
without diminishing the product, are proofs that the car- 
bon must come from the air. About 2000 lbs. of carbona 
ceous matter may be removed from an acre every year, 
and the source will never become exhausted, and it mat- 
ters but little what the vegetable is that is grown upon 
the land, whether forest trees, grains, garden vegetables, 
or grasses. 

(§ 563.) Sources of oxygen and hydrogen in the 
plant. The oxygen and hydrogen found in vegetables 
are obtained from water. This seems evident from the 
following facts : — 

1. In the gr^at mass of vegetable matter the propor- 
tions of hydrogen and oxygen are in the same ratio as 
in water; so that some have said that an organic atom 
was made of carbon and water. 

What is the fourth reason ? What is the fifth reason ? 
(2 563.) What is the source of oxygen and hydrogen? What facts 
prove it ? 
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2, Nearly the same amount of oxygen in the carbonic 
acid is returned to the air^. so that we may jnstly con- 
clude that the oxygea did not come from the CO^ j besides 
thin would leave the hydrogen unaccounted for. 

3. There are classes of substancas in vegetables that 
contain these elements in excess, viz., acids generally 
contain more oxygen than ig sufficient to farm water 
with the hydrogen in them, and the oils contain ton 
much hydrogen, so that by the decomposition of water 
the acids are supplied with oxygen, and the oils with 
hydrogen. 

(§ 564,) Sources of nitrogen in plants. The niiro* 
fjerif as a general thing, is obtained from ammonia (pHj)^ 
formed spontaneously in the soil. In the decay of or- 
ganic substanees ammonia is always formed^ and it may 
he readily detected in the soil that has been sheltered 
frojn the rains, or after a drought of considerable length, 
also in minute quantities in the air. The following fact3 
indicate the relations of ammonia to vegetation:— 

1. It 13 found in the crude sap of vegetable.^, as in that 
of the beet, corn, apple, &c- 

2. Some vegetables perspire it, especially in the night 

3. Distillation of herbaceous plants yields it, as mint, 
thyme, &c, 

4. Manures that will yield the most ammonia in the 
decomposition prove the best fertilizers, as animal sub- 
stances, guano, &c. 

Nitrofjen of the air is unqueMlanahly assimilated hy some 
plm^ls^ as Boussingarilt has proved, in regard to the Je- 
rusalem artichoke (SeUanthus tuberosusy This ig a fact 
of immense importance to the agriculturist, for, although 
the amount of nitrogen in a plant is small^ compara- 
tively, yet it is no less essential to the full and perfect 
development of the fruit and grain than any other ele- 
ment, and is equally important that a sufficient quantity 
should be supplied". It is the one most difficult to sup- 
ply, and any pl;int, therefore, that will appropriate tho 

(^ r^H.) Wliut U «lin prii^clpa! BGtiTce of nitTft^n? When la atninonia 
iilway8 foruK'in Wlinl fHcta prove tUnr ammauift la used liy the pkntT 
li iho ttiirogea of Jlie m- ever aasijiiilaicd ! Id what plant proved* 
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nitrogen of t je air, might be used with great benefit on 
exhausted soils. 

Nitrogen is aho, in some degree, derived from nitric acid. 
This is established by the facts that nitrates are found in 
the sap of some plants ; nitric acid is formed spontane- 
ously in the soil ; and that nitrates are good fertilizers. 

(§ 565.) The elements of the ashes of plants are ob- 
tained in a soluble condition in the soil. These are also 
absolutely essential to the perfect growth of plants, and it 
becomes a matter of prime importance to the agriculturist 
to know whether these materials are contained in the soil 
in a suitable condition for the use of the crop he is 
raising. 

We have now answered the two questions pro- 
pounded — 

1. Of what do plants consist ? 

2. Whence do they derive the materials ? 

(§ 566.) The next question that presents itself is, Under 
what conditions do plants use these materials? 

In order that plants may convert inorganic matter into 
organized substances, .four conditions are necessary : 1st. 
moisture ; 2d, a sufficient temperature ; 3d, air ; 4th, light. 
All of these conditions must conspire to enable a plant to 
convert the binary compounds, of which vegetable food is 
composed, into the complicated materials of vegetable pro- 
ductions. If we expose a seed to the first three of the 
above influences, it will germinate, and exhaust the food 
stored up in the cotyledons, or in the albumen, and send 
out its roots, and raise its stem to a certain height, but 
when this food is exhausted it will grow no further, un- 
less it receive the action of light. In order that new food 
should be assimilated, the sun's rays are necessary. This 
is the reason that small seeds, when planted too deep, do 
not come up. The food in the seed does not enable them 

Why important? From "what other source is nitrcgen obtained by the 
plant ? 

(J 565.) Whence are the inorganic elements or ashes obtained? What 
is an important matter with the agriculturist ? 

(I 566.) What is the next question ? What are the conditions ? If 
the first three cons'jire ? What will a seed do ? When only will new 
12 
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to send up a stem long enough to leach the light. Pota- 
toes will send out colorless shoots six or eight feet long, 
because so much food is stored up in the tuber ; but the 
fine seeds of the poppy or tobacco will not produce, in 
the dark, a plumula one inch long ; hence, if covered to 
that depth in the soil, they will never reach the light. 

(§ 567.) The apparatus by which the plant converts 
its food into food for animals is a simple cell; a cell 
made of a thin membrane, as delicate and transparent as 
a fine soap-bubble, and lined inside with a scarcely solid 
substance, in which the vitality of the plant resides. No 
matter how varied the production of plants ; no matter 
how unlike the various portions of the same plant, the 
simple instrument by which all is manufactured is the 
same, a simple cell. How wonderful, that the blandest 
food, the most violent poison, the solid wood, and the 
most volatile oil ; the tasteless starch, and the sourest 
acid, and the sweetest sugar, should not only all be pro- 
duced by the same cell, but absolutely in contact with 
each other ; when no microscope reveals any difference 
in structure, or constitution of the organs that produce 
them ! Water holds the materials in solution, heat gives 
them mobility, and sunlight weaves the fabric, and 
stamps the varied characters by its plastic power. 

A more detailed account of the operation of these in- 
fluences will be given after we have examined the pro- 
ducts their action presents. 

(§ 568.) Organic bodies. Under the name of organic 
bodies we include not only those bodies produced by 
animals and vegetables, but also those that are produced 
by art, which are not reduced to a simple binary condi- 
tion. For an example of this latter class we may cite 
alcohol, which is never found in the living plant, but is 
produced by art or spontaneously, and we call it an 
organic compound. 

food be assimilated ? What does this explain ? How with the potato ? 
How with the poppy and tobacco ? 

(2 567.) By what apparatus does the plant convert its food into its 
own materials ? How is the cell constituted ? Where does the life reside? 
Sow are the varied products produced ? 
(g 668.) What is included undot tVie utim^ ot\j;5v.xvIc bodies? What are 
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States of organic bodies. The most of organic bo- 
dies are solid. Some are liquid and some vap'^rs, at 
slightly elevated temperatures. Some will crystallize, 
others are amorphous. Some may be distilled unaltered, 
but most of them are fixed, and undergo decomposition 
before being volatilized. Some of the solids will melt, 
and regain their original state on cooling, others will not 
melt. 

Organized bodies are distinguished from other organic 
bodies, from having taken part in the vital action of the 
living being, and have a form peculiar to each, and are 
not crystalline, as starch cells, fibre, albumen, &c. 

Characteristics of organic substances. One of the 
most striking characteristics of organic substances is the 
facility with which they change, whether from the action 
of life, or heat, or acids, or alkalies, or moisture. In the 
animal system, especially, the same body may assume a 
great variety of forms, with very little change in its 
constitution. 

Heat destroys them all. The stronger acids produce 
changes more or less distinct ; the same is true of the 
alkalies. Moisture, with a moderate temperature and 
access of air, is a condition that scarcely any organic 
body can long resist. They nearly all spontaneously 
change under these conditions. 

As a general rule we caunot form organic substances 
by art, yet we may change from one form to another. 
This change is generally considered to be from a more 
to a less complex compound. Thus sugar may readily 
be converted into oxalic acid by the action of nitric acid 
on sugar. Sugar being C12H11O11, whereas oxalic acid is 
0^0.3, a much more Simple compound. But starch, 
CisHiiOii, is converted into grape sugar, C12H14O14, by the 
action of SO.^, which is a more complex compound than 
starch. So defiant gas, C4H4, may be made into alcohol, 

the states of organic bodies? What is meant by organized bodies? 
What is the most striking characteristic of organic bodies ? How illus- 
trated by the Tarious agencies? Can we form organic substances? 
Can we change them ? In what direction generally ? Example ' Is 
the reverse the case ever ? How of starch ? What has never been 
acliievcd ? 
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C4H;,0 h HO, a mucli more complex body. But from 
inorganic substances to produce organic bodies has never 
been achieved. 

(§ 569.) While the general tendency of our changes 
on organic materials is to bring them nearer and nearer 
to mineral bodies, vegetable life constantly tends to raise 
them to more complex conditions. The power of the 
vegetable is to concentrate power in the product ; the 
action of the animal and art is to use this power, and 
reduce the condition of the vegetable material. 

The vegetable accumulates power from ammonia (NO3), 
carbonic acid, CO2, and water, by the agency of light and 
heat, forming wood, oils, and nutritious substances, while 
animal life and art use this stored-up power, and return 
to nature these inorganic materials in the identical con- 
dition, or in some equivalent form. So the current ever 
flows. Vegetables create the power that animals use. 
They are the builders-up, we the destroyers. It is only 
a change of action ; what the vegetable stored is used by 
us, or its equivalent in the forms of heat, thought, mo- 
tion, feeling. It is merely a change of one equivalent 
for another. The balance is ever sustained. As much 
as is given, so much is received. 

(§ 570.) Effects of heat. Heat sometimes changes 
the properties of organic bodies without altering their 
constitution. Sugar-candy, submitted to heat till it melts, 
turns brownish, and becomes vitreous, called barley-sugar, 
or candy, and can never be made to crystallize, and in 
other respects has changed its properties, although its 
constitution is unaltered. It melts at 194° instead of 
35(3°, the temperature of melting sugar. 

(§ 571.) Spontaneous changes. Many materials, as 
has been already noticed, at ordinary temperatures d^ 
compose spontaneously. The conditions most favorable 
to these changes are an atmosphere at a point of moisture 

(J 509.) What is the tcndcDcy of yegetable life ? What of animal life 
and art? From what docs the vegetable accumulate power? What 
-elation do animals and vegetables bear to each other? What do w« 
^tain by destroying vegetable products ? 

How docs heat affect some organic products? 
What arc the conditions for spontaneous changes ? 



i 570.) 
[571. ) 
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nearly to saturation, and a temperature between 60° and 
77°. A very decided variation from these conditions 
tends to arrest these spontaneous changes. These phe- 
nomena are known by the names oi fermentation^ pritre- 
factioUj and eremacausis (processes explained hereafter), 
depending on the nature of the substance employed, and 
the result of the changes. 

Oxygen is the great agent of these changes, and when 
excluded no such changes will take place. 

(§ 672.) Proximate analysis. It often becomes a matter of inte- 
rest to separate the Tarious organic substances from each other, that a 
plant produces, without any regard to their constitution. This is called 
proximate analysis, and the materials thus produced are called proximate 
elements. Thus sugar, starch, and quinine are proximate elements, and 
are separated from the associated compounds by proximate analysis. 

(§ 673.) It would be impossible to give any very specific rules for con- 
ducting proximate analysis in an elementary work like the present; yet 
some useful hints may be given. Suppose we have some natural sub- 
stance, containing various principles, unknown to us in any respect, as 
to what they are, or the proportion in which they exist ; suppose it is 
some bark, or root, or fruit, or a whole plant. The problem is to sepa- 
rate or isolate all the distinct principles of which the body is composed. 
In the first place we must not apply any agent, or resort to any process 
that will change any of the proximate elements contained in the mate- 
rial. By water we get out all that are soluble in that element, espe- 
cially sugar and gum. By alcohol, and ether, and wood spirit we obtain 
such as are soluble in them, as wax, resins, oils, fats, &c. Some will 
be soluble in them when hot, that are nearly insoluble when cold. Each 
should be used, and in varying conditions of temperature. Alcohol and 
wood spirit will often do in a state of concentration, what they would 
not diluted. Each should be thoroughly tried in each state. 

(I 674.) If there is an indication of a base present, it may be taken 
" out by very dilute muriatic acid, as morphine in opium, or quinine in 
the quercitron bark. If an acid is present, it is most commonly easily 
removed by lime, and isolated by applying SO3 afterwards, as in obtain- 
ing citric acid from limes, or tartaric acid from cream of tartar. 

Having obtained by these agents various solutions, we may employ 
metallic salts, which by their acid or base will form precipitates, with 
one or more of the principles obtained. Suppose in one of the water 
solutions we had gum and sugar, by adding subacetate of lead we 
should have the gum precipitated, while the sugar would remain in 

What are the spontaneous changes? What is the agent of these 
changes ? 

(g 672.) What is proximate analysis? What are proximate elements? 

(I 573.) Can specific rules be given for proximate analysis ? What is 
the problem ? What must we not do ? What do we get out by water ? 
What by alcohol, ether, and wood spirit ? 

(I 674.) What if there is a base presents li wcv «i.<iV^\^ ^'t<i.'a>'5^\ 
What else may be employed ? Suppose one "bad ^ui wid «vx^^x\ 
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solution \ and by eTiporaUoii we conld get the sugar iti crystals, after 
Imving filteit^d it, and neutralized the excess of lead by SH. By treating 
the pvceipUate with SHt we shp-tl get the gum in aoluLion. 

If Lhe suhstttuce contain& volatile matlera, these are to be first sepa- 
rated by distill ft tion. Much care is roqtiiri^d in this process, Icet b.i 
heat the products are altered, or some destroyedj and new ones formed* 
Distillation in ^acuo, at & low temperature, is the only safe mode in 
accurate invest igations. 

The processes of preparation, given in their proper places, will Buper- 
sede the neoessily of any further remarks in this place. 

(g 575*) Ultininte nnnlsrsis- When we obtam aud estimate tLa ele- 
mentary bcidies^ of whieh a pi'oximato element is made up, it is called 
uilimats analj/xi'i ; and the Elements produced are the uUimate demfttU, 
ThuSj when we find that etareh h composed of CnjHuOji. it is by ulti- 
mate analysiSs Jind these aro called lhe ultimate elemenis of stareh. 

Ultimate analysis, in theorj, is rery siniplCj bnt in practice requires 
much labor and eare. Il is, of course, to (ind the relatiTe quantities of 
C, 0, Uj and N^ in any body. For all tlte other clcincnis, inorganic 
analysis is applied, as they exist in tJie ashes, and they are treated as 
any other complex mineral body. 

The principle of this ansiJjsis consists in burning up the combustibk 
materials, partly by the oiygen contained in them, if any, and tJie 
balance by supplying oxygen from gome other source, forming CO^ and 
no. The nitrogen is cither set iVcc. or is produced in the foi ul of am- 
monia \ in either case it is easily estimated. 

Tho material us<!d for hujcning up the hydrogen and carbon, is the 
black oxide of copper. The matenal to be analyzed is reduced to fine 
powderj and intinmtcly mixed with the black oxide of copper. Tho 

■^ lube A, B is the tom- 

A g d t^^^ bunU'on tiilff. The por- 

n \ ' 1"^ ^ tio» ^. IS filled with 

the oxide of copper 
and chlorate of potash. The space d is filled wilh the mixture of tho 
materijil to be analysed and oxide of copper* The portion e is filled 
TffUh the oxide of copper. The tube is open towards ^ and closed at 
the end c. A combustion furnace, as shown in the figure, being made 
of Bheei-iron, and called **Liebig*s Combustion Furnace/* is requiaitf, 

_ m 

Liebig'B Comb ua i iy.n F« r n r.-x-. fltrwn . 

It contains partial partitions, so that heat may he applied to any jtor- 
tion of the tube, without heating any other portion, aided by a screen, 
as .aeen in the figure* 

Suppose Tolatile matlcr is present ! What care is required ? 

(Arj7D,)TVhat is ultimate analysis? What are uKiinate ele«»enla? 
On what principle does ultimate analysis depend ? What is used for 
burniti^ up the cotnhuslible materirils ? Explain tho combugtion tube, 
and how filled? What is the combustion furnace? How are the matc- 
riaJs srriuiged in the tube ? IIow are the materials dried in the tube T 
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A small air-pomp and a few tubes are requisite to commence the 
analysis. When the apparatus is all ready, the materials must be care- 
fully prepared for use. The oxide of copper must be heated to drive 
off the moisture, the substance must be gently warmed in a small tube to 
driTe off all the moisture, and then accurately and quickly weighed, a 
few grains of it, and mingled with the oxide of copper in a warm porce- 
lain mortar, and then placed in the combustion tube, on the mixture of 
chlorate of potash and oxide of copper, preyiously put in, after having 
been thoroughly dried. The open end is nearly filled with oxide of 
copper, as indicated in the figure. The tube now being placed on the 
furnace, it is necessary to get rid of any moisture that may be in the 
'ube. This is accomplished by attaching to the end of the combustion 
ube, a tube containing chloride of calcium, and this to a small table 
air-pump. The tube is gently heated, by placing around it some warm 




Arrangement for drying the contents of the combustion tube. 

sand. The pump is gently worked, and the exhaustion carried to any 
conyenienl extent. The air is let in through the calcium tube, being 
thus thoroughly dried, fills the vacuum. This being repeated, the mois- 
ture is all removed. After the tube has become cold the calcium tube 
is removed, and in its place are substituted two pieces of apparatus, one 
to receive the moisture produced by the combustion of the hydrogen in 
the body to be analyzed, the other to receive the carbonic acid produced 
by burning the carbon. The following figure will show the arrange- 
ment. The tube A is filled -with thoroughly dried chloride of calcium, 



M: 



ZT 



zmF^ 




What are attached to the tube ? How is the heat applied ? How is th« 
hydrogen determined ? How is the carbon determined ? 
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then ftti ached to the combustion tnbe, that end beifig unstopped irhBa 
iiUached- The potaah bulb, B, as it is caUedj ig partly filkd ^iih pure 
poiashi ^'Uh a specific graTity of 1.25, accurately t^'elghed, und at, once 
attached to the chloride of cn.loium tube. The apparatus being thua 
pUTUD^ed, to proTu that tha joints are all tight, draw the air goiiily from 
the end of the potash tube, and if the liqoid rises, and remains at a cer* 
(ain height as long as the c^chaustion continueSj all is right. 

Now apply heat, by burning ehareoal io the part of the tube f» till 
it ia rttl-hot, then let the fire com© upon the part d, lyhen bubbles of 
COa will he seen to pass into tha potash bulbs. Keep up the heat till 
I he tube is red-hot, gradually moving it towards c, till it is all red-hot, 
and no more gas is disengaged from the chlorate of potRsb, and all the 
products of eomhuRtion driTea onwa-rd, tlirough the caloiuia und potash 
tubes. 

The caleium tube is now carefully -weighed again, and it 3 increase ia 
weight is the amount of water prodviced by burning the hydrogen. For 
every nine parts of increase, one part Is hydrogen, or one-ninth of the 
inercaacd weight ia hydrogen^ 

The potash tube ia to be weighed^ in like manner, and its increase is 
the amount of carbonic acid produced by burning up the carbon* For 
every eleven parts of increase, three of them ig oarbon, that is, thr&e- 
cleventha of ihc^ iucrea^e U the carbon contained in the substanee 
analysed. 

(S 57G.) To determine tlu* uitrogen* The following ia the simplest 
method. Plaec in a tubo ubout three feet in length some pure bicar^ 
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bonate of soda a, on this place some oiide of copper b, on this place 
the mixture of the matenub to bo analyzed, with the ojtide of copper c. 
FiU the bivhmce of the ttibe with copper tiinnings, having been pre- 
viously oxidized, and ihou riiduecd by hydrogen to a metallic state, 
which j^ives a porous Tnas« of pure copper, Wlien all ii^ thus arranged 
( Willi the potash to take out the CO^), and a portion of the bicarbonate 
of soda, nearest the open end of the tube, in heated, so as to displace 
all the air by carbonic acid. The pump may be used in connection, if 
desired. Now the end of the delivering tube ia placed under a veaacl 
filled with mercury in a tnercury bath, with some potash wat.or occupy- 
ing ths upper part of the receiver. All being thus arranged, the copper 
ia heated to redness, and then the portion containing the materials to be 
analyzed. The oxygen of the oxide of copper will unite with the nitrtH 
gen of the organic subs tan cc, forming some Oxygen compound of nitro- 
gen ; this coming in contact with the pure heated copper loses the 
o;Kygen, and the nitrogen passes on to the receiver. When the fa» 
ceases to come over, the bicarbonate ia heated again » and all the CoB- 
tents of comhuslion are driven forward. 

The vessel containing the nitrogen Is transferred to a water bath, and 
the gas traneferred to a graduated vessel, and when the water in the 
vessel is at the same height as on the outaidct then the quantity is to 



(I 576.) Hew ts the nitrogeti determined! 
gen be determined ! 



How else may tlie ttitr^^* 
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be read oflT. The temperature is taken, and the height < f the barometer. 
The following formula gives the weight of nitrogen, P z= the weight, 
F= volume, t = the temperature, /= the elastic force cf watery vapor 
at that temperature, If= the barometric pressure — 

P= rx 0, 001256 X 1— oWt ' X f 760- 

The nitrogen may also be determined by converting it into ammonia. 
This is accomplished by heating the organic matter with soda lime. Soda 
lime is prepared by slaking lime with a solution of soda, so that there 
shall be 1 part of soda to 2 of hydrate of lime. This is done in an ordi- 
nary combustion tube, with 
the potash tube attached, 
containing dilute muriatic ^ 
acid. The water in the hy- 
drate of soda is decomposed, 
and the nascent hydrogen unites with the nitrogen of the organic sub- 
stance, forming ammonia, which is taken up by the chlorohydric acid, 
forming muriate of ammonia. From which the nitrogen may be esti- 
mated. 

(J 577.) If the substances contain chlorine or bromine, the substance 
is heated in a tube filled with pure quick-lime, which forms the chloride 
or bromide of calcium. This is then converted into the chloride or bro- 
mide of silver, from which the chlorine or bromine is easily estimated. 
For every 94 parts of the bromide 40 parts are bromine ; and for every 
71.3 of the chloride 17.25 will be chlorine. 

If sulphur is present, the substance is acted upon by some highly 
oxidizing substance, such as nitric acid, chlorate of potash, &c., which 
will form the sulphur into sulphuric acid, which is precipitated by pure 
baryta, and from this the sulphuric acid is easily estimated, and then 
the sulphur. For every 14.58 parts of sulphate of baryta there will be 
6 parts of sulphuric acid ; and for every 5 parts of sulphuric acid two- 
fifths of it is sulphur. 

The per cent., of course, is easily deduced from the amount in any 
given quantity, by simple proportion. As the whole amount of matter 
weighed : to the amount of any one of the elements : : 100 : the per 
cent, of that element. By dividing the per cent, of each by its atomic 
number, we have the number of atoms in the compound. 



ORGANIC RADICALS. 

(§ 578.) It was formerly supposed that organic bodies 
were direct combinations of the elements carbon, hydro- 
gen, oxygen, and nitrogen; but this supposition is no 
longer tenable. There are certain compounds that act 

(J 577.) How is chlorine or bromine determine i? How is sulphm 
determined? How is the per cent, determined? 
(§ 578. ) What was formerly supposed ? Why la it hqV Veti^WO. 
12* 
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exfictly in all tbcir relations like elementary bodies, 
altliough wu know them to be compound. 

It wyiiM kad us too far into a very difficult and yet 
obscuru sTibjcct^ to exhibit all tliat is interesting of com- 
pound radicals. 

There are a few facts absolutely esacntial to tlie stu- 
dent in organic chemistry^ easily acquired and readily 
understood. 

Q 579.) There are four classes of compound radifXih : — 

1, Those that act like an electro -negative elementary 
body, as chlorine or oxygen* Cyanogen, ^ C^N, is of 
this character. It will take the place that chlorine occu- 
pies, and form corresponding compounds. Cyanide of 
potassium, KCy, is like, in constitution^ oxide of potas- 
sium, KO, 

2- Those that act like combustible matelloidsj as sul- 
phur, carbon, &c. Formyle G^S.^ acetyls CjJI*. These 
form the bases of powerful acids, corresponding to sul- 
phuric acid, and also in the amount of oxygen required 
to produce the acids. C^II-i + 0:j + HO forms acetic .%cid, 
C^H H- 0;s is formic acid, just as S + Oj is sulphuric acid. 

3< Those compound radicals that act like metals, and 
with oxygen form bases that will neutralize acids. 
Ethyle C4H5 ; metliyle GJl^. The oxide of ethyle forms a 
powerful base, as tlie oxide of iron, lead, or silver does. 
It forms a class of salts corresponding to the class of any 
metal. 

4. Those radicals that are in some respects like the 
'2d and 3d groups, forming, like the 2d, acids, hut not 
bases, like the 3d, v^qth oxygen. lake the 3d in forming 
compounds with ehlorine and other elements; like ethyle 
and methyle of that group. Benzoic = CuHsOi = "Bz ; 
cinnamyle Giall^Oi == Ci, Oxygen, with these, forms ben* 
zoic acid and cinnamic acid. With hydro^^^en they form 
oils. BzII is the oil of bitter almonds, Cill is the oil of 
cinnamon, 

(§ 587.) To illustrate the application of this theory ol 

(I G70,) How many classes of compound mdicals ? What ia the first T 
What illustration T Wlint la the tif?eond ? How lUustruled 7 What ii 
the ihhii ? How inuainitcd ? What is the fourtJi T How illnstTated ? 
/i 6Si), ) How i!hrslrated bj gra^*® avigwtt 
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compound radicals, take grape-sugar, which is expressed 
by C,2H,,0u. 

In fermentation this becomes broken np into 2(C4H50 
+110) + 4(002) + 2(H0), which, expressed in word?, is 
2 atoms of the hydrated oxide of ethyle, which is alco- 
hol, and 4 atoms of carbonic acid, and 2 of water. By 
the action of sulphuric acid on alcohol, it takes away the 
water and leaves the oxide of ethyle, which is ether ; by 
the still more powerful action of sulphuric acid on alco- 
hol, it will take away 2 atoms of water, and reduce it to 
C4H4, which is defiant gas — elayh. By the action of the 
air on alcohol, it will remove 2 atoms of hydrogen, re- 
ducing the radical to acetyle, and adding 2 atoms of 
oxygen, and we have C4H3O3 = acetic acid. 

Instead, then, of expressing alcohol by the empirical 
formula of O4H6O2, we express it by the rational formula 
of (C4H5)0 + HO, that is ethyle, oxygen, and water, or 
hydrated oxide of ethyle, just as we would express com- 
mon pure potash, which is KO + HO, which is potas- 
siuijj, oxygen, and water, or the hydrated oxide of potas- 
sium. The potassium occupying the place that the ethyle 
does. 

So, in regard to vinegar, instead of expressing it by 
C4H4O4, we would express it by (C4H3)03 + HO, that is, 
hydrated peroxide of acetyle, or hydrated acetylic acid, 
just as we would express sulphuric acid by SO3 + HO, 
that is, hydrated sulphuric acid, and not SO4H, as we 
used to express acetic acid. 

(§ 581.) Isomeric bodies {isos equal, and meros moa- 
sm'c.) We understand by isomeric bodies such as have 
the same constitution, and yet possess different proper- 
ties, One of the most remarkable facts in connection 
with organic chemistry is, that bodies distinct in proper- 
ties are identical in composition. Starch, cane-sugar, 
and gum are identical in composition, yet so various in 
properties ; so formic ether is identical with acetate of 

How by the action of sulphuric acid on alcohol ? How do we express 
alcohol ? How yinegar ? 

(J 581.) What are isomeric bodies? What is a remarkable fact in 
organic chemistry? What examples? What explanation is not satis- 
factory ? Why ? 
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methyle; so saccharic acid is- isomeric wifb music acid 
The oils of turpentine, black pepper, and lemon an 
identical in composition. An explanation of these phe- 
nomena, that attributes them to a diflerent arrangement 
of atoms, is not satisfactory, as elementary bodies assume 
different states in inorganic chemistry, which is called 
allotropism, when such a cause is evidently impossible. 
We can only refer it, at present, to the will of the Cre- 
ator. 

(§ 582.) Polymeric bodies {polus, many, and meroSf 
measure.) This is a species of isomerism, but charac- 
terized by having the proportions the same, but the quan- 
tities increased, as in olefiant gas C1H4, butyrine GMs, 
amyline Cio,nio, napthaline ChHh, ceteine O32H32. The 
proportions are the same, but each has a density double 
its predecessor. Their volatility and melting point fol 
lowf a regular law, from the lowest to the highest. 

(§ 583.) Types. By types we understand the identity 
of a compound, while one of the elements may be dis- 
placed by some other clement, either wholly or in part, 
without materially altering the character of the compound. 

Thus, acetic acid, C1H4O4, may have three atoms of 
its oxygen displaced by three atoms of chlorine, forming 
chloracetic acid, not differing materially from acetic acid. 
The type remains unaltered, which is 4 equivalents, still 
admitting the 3 equivalents of chlorine to take the place 
of three of the oxygen. 

(§ 584.) Homologous series. By a homologous series 
we mean a series the individual members of which differ 
from eacli other by a common quantity. If we take 
Ojlla methyle, then we have C4H5 ethyle, and so on, a 
series is formed having a difference of C2H2 for a com- 
inoii difforence. The above is called the methyle series. 
So if A\\i take Oil, formyle, wo have CjHj acetyle, and 
so on, Ibnning a series with the same common difference, 
but the atoms of hydrogen are one less than the carbon, 
whereas, in the ]3receding series it was one more. This 



(§ 582.) What are polymeric bodies ? What examples ? 

(^ 583.| What are types ? 

(jj 084.) What is a homologous series ? How illustrate I by methylf t 
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is called il[ieformyle series. The methyle series forms a 
series of bases by oxidation belonging to class 2d of 
organic radicals, called ethers, and which correspond to 
our common ether, C4H5O. 

By the addition of one atom of water to the ether, we 
have a series of alcohols corresponding to our common 
alcohol, CAO + no. 

By oxidation of alcohol we reduce the methyle series 
into the formyle, and form a series of aldehydes ; as by 
burning out 2 atoms of hydrogen from alcohol we have 
C4Ha,0+H0, which is aldehyde. By the still further 
action of oxygen supplying 2 atoms more, we have a 
series of acids, one of which is acetic acid C4H3O3 + 
HO, which dijffers from alcohol only by taking away 2 
atoms of hydrogen, and replacing them by 2 atoms of 
oxygen. Thus, we have regular series of the methyle, 
from C2H3 up to C32H33, and of the formyle group a like 
series ; also a series of ethers, a series of aldehydes, and 
a series of alcohols of similar extent. The individuals 
of these series are called homologueSy and the series to 
which the individual belongs is called a homologous series. 

Vegetable products have been divided into two 
classes : — 

1. Those that do not contain nitrogen, 

2. Those that do contain nitrogen. 

The first class is conveniently subdivided into three 
sub-classes : — 

1. Those substances in which oxygen and hydrogen 
are in proportion to form water — neutral substances. 

2. Those substances in which the oxygen is usually in 
excess, forming the acids, 

3. Those in which the hydrogen is usually in excess, 
forming the oils. 

These divisions are convenient, rather than philo- 
sophical. 

The first division includes woody fibre, gums, starch, 
sugar, &c. 

How by formyle? What does the methyle series form? How is the 
alcohol series produced? How the series of aldehydes? How the 
series of acids ? What are homologues^ Ho"w \it!i.^ft N^^'eX^XAa ^\^^»R\Si 
been divided ? JIow ia the first class subdmdedl 
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SyiL CkUulosc, Lignin, Wood Fihrt 
MeduUin, 




AinpffiiAQoe of celluloi*^ wh n a joiiotf ^toca Ie cut. 

Properties. It is wliite^ solicit 



(§ 585.) Woody matter is the great constituent of the 

vegetable kingdom. 
It is probably tlie first 
organized product of 
vegetable life, and 
forma tlie membrame 
to make the cell in its 
earliest stage, before 
any other deposit baa 
been made. It exists 
not only in vegeta- 
bles, but in the lower 
grades of aQimals. 
IS wmte, soiid^ transparent, insoUi- 
ble in water, alcohol, ether, or oils. From the formula 
given above it will bo seen that it consistis of twelve 
atoms of carboQ and ten atoms of water. The interior 
of cells is often incrosted with other substances, very 
different fi'om the cell itself, wHeh may be removed by 
long maceration in a dilute solution of potash. The sub- 
stances that approach nearest being pure lignin, are, 
the pith of plants, old cotton and linen, and the material 
of paper. If common sawdust, of any wood, be digested 
successively in water, alcohol, ether, dilute acid, and 
diluted alkalies, a very pure bgaiu will be obtained. 
The jnaterial deposited on the surface of cells has been 
called sclerogen, becaase it produced the hardness of the 
tissue, from the word sckros^ hard. This substance is 
soluble in strong nitric acid^ and cellulobo is soluble in 
sulphuric acid, without blackening; so that with suffix 
cient care they can be separated. 

The forms which cellulose assumes are very various* 
From being the soft pulpy substance, forming the cells 

(J 68S,) Whnt is snid of woasly mutter? What 13 113 ^JonstUutloii • 
What iLta its properties ? What ih said of tlie inrei nor of culia ? How 
temfiTcd ? What is nearesL pure liguin? Uow may commoti saw-diist 
be treated lo form piir« ligniu? Wtjal ia sclerogen? How sepanited 
fi-oin cellulose? 
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of fruits and succulent stems, it becomes the liard, resist- 
ing material of ^he wood of the hickory and oak. It is 
the fibre of the cable as well as that of the finest linen. 
It is fibre of the coarsest cotton bagging, as well as that 
of the finest spun cotton thread. Flax, hemp, and cotton 





FiUments of l^k. 



Of Flax. 



Of Cotton. Of Wool. 



are only varieties bf cellulose. The fibre of each is pe- 
culiar, and by the aid of the microscope the fibres are 
readily distinguished. It is no less true of all textile 
fabrics ; the microscope readily reveals whether they are 
made of cotton, flax, wool, or silk. The annexed figures 
exhibit the varieties of fibres that enter into the various 
productions formed from them, as seen by the micro- 
scope. 

(§ 586.) Action of acids on Ugnin. When cold sul- 
phuric acid is carefully applied to pure lignin, as a piece 
of cotton or linen, and gently triturated in a porcelain 
or glass mortar, we obtain an uncolored mucilaginous 
mass, which when diluted with water, and the acid neu- 
tralized by chalk, and the solution evaporated, we obtain 
a substance corresponding in properties and constitution 
to gum, called dextrine. 

If the substance forming gum be greatly diluted, and 
•submitted to long boiling, grape-sugar is the result. 

If the acid be slightly diluted, and the action be con- 
tinued for a few minutes only, on the application of 
iodine it will be found that starch has been formed. 



il 68G.) How does SOs affect lignin ? How if boiled ? 
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(§ 587.) The action of nitric acid on wood. If 100 

grs. of dry, well-carded cotton be submitted to the action 
of 1000 grs. of acid, consisting of 500 grs. of sulphuric 
acid, sp. gr. 1.8-i, and 500 grains of nitric acid, sp. gr. 
1.51, there will result 169.5 grains of a substance, resem- 
bling in appearance the cotton used, and the microscope 
even can detect no difference, but the properties are com- 
pletely changed. It is pyroxylin^ gmi-cotton. Immerse 
the cotton for a few minutes in the mixed acids. Then 
gently press it, to remove as much of the acid as possi- 
ble, then immerse it in a large quantity of pure water, 
and wash it in running water until no acid-test is ^iven, 
and dry it immediately by a gentle water-heat. 

Of the 169.5 parts of gun-cotton produced, 102.5 
parts are nitric acid, and 67 parts are from the 100 parts 
of cotton employed. The cotton having lost 33 parts in 
the water taken from it by the action of the acid. 

Instead of nitric acid, nitrate of potash may be used 
in its manufixcture, which is much more convenient, and 
cheaper ; the sulphuric acid being applied directly to the 
pulverized nitre, and the cotton pressed gently into the 
mixture. 

Gun-cotton explodes violently, and burns, leaving no 
residue, producing carbonic acid, carbonic oxide, nitric 
oxide, and water. The temperature at which it explodes 
is various, depending on the variations in its formation. 
It has been known to explode at 212° Fh. It is many 
times more powerful than gunpowder of the same weight. 
It is unfit for use in fire-arms, exploding so violently 
that it bursts ordinary guns. In blasting rocks it may 
be used, but great care would be requisite in its use, 
even an accidental blow would explode it. It is too quick 
to answer well. 

It is insoluble in wa,ter or alcohol, but dissolves in a 
mixture of alcohol and ether. This solution is called 
collodion. 

If spread on any surface it soon forms a perfect coat- 

(I 587.) How docs NOs affect ligninc ? What is it? How is it pre- 
pared? How explained ? What may be used instead of NOs? What 
of the explosive powers of gun-cotton? What docs it produce? Why 
unfit for Are-arms ? What is collodion ? 
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ing by the evaporation of the ether. It is used in coat 
ing inflamed surfaces, and is called artificial cuticle, II 
is used in coating glass for taking photographic impres- 
sions, which are called amhroUjpeSj and it is called the 
collodion process. All gun-cotton will not dii?solve iu 
ether. That made by using nitrate of potash in propor- 
tion of 8 of nitrate potash to 12 of concentrated acid, ii 
its production, is preferred. 

(§ 588.) Action of alkalies on lignin. By the con- 
tinued action of hot alkaline solutions woody fibre ia 
converted into a substance colored blue by iodine, and 
of course corresponds to starch. Alkalies destroy thv. 
texture of cloth and paper so that they fall to pieces ; thia 
action is greatly owing to the fact that oxygen acts much 
more powerfully in the presence of caustic alkalies. 

(§ 589.) Action of the atmosphere on -wood. By 
exposure to the atmosphere, especially if moist, it slowly 
decays and crumbles away, losing its tenacity, and finally 
becoming a fine mould. These changes are owing to the 
oxygen of the air, or result from the decomposition of 
water. Liebig called this process eremacar'sis, from the 
Greek words erema, slow, and Icausis, combustion. 

Chemically considered, it is the same as combustion 
The carbon resists the action of the oxygen more than 
the other elements, and as the process goes on the mate- 
rial becomes richer and richer in carbon, until it is re- 
duced to what* is called vegetable mould, humus, geine, 
ulmiUj humic and ulmic acid. These materials give the 
blackness to our soils, which color is usually considered a 
mark of richness. Of themselves they afford no nourish- 
ment to the plant, but they have a powerful affinity foi 
ammonia, and hold it, as it is formed in the soil, or is 
found in .the air, that circulates in the loosened soil, and 
yield it to the growing plant. Hence the uscf ilness of 
frequently stirring the soil. 

By their decomposition they yield cxrbomc acid, and 

For what purpose used ? 

(g 688.) What'is the action of the alkalies on lignin ? Why do alka- 
lies destroy the texture of cloth or p{vj)er ? 

(J 589.) What is the action of the atmosphere on wood? What ia 
eremacausis? How docs the process lake placet ''WVtx.^. ^c^^ii \V.\i^^ws:iSk\ 
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the nascent hydrogen coming from the decompositiOQ of 
water, will unite with the nitrogen of the air, forming 
ammonia. 

This we have proved beyond a doubt, by keeping 
moistened soil in a close vessel for months, and finding it 
containing ammonia, which it did not when the experi- 
ment began. 

When these changes take place with much water, 
crenic and apocrenic acids are produced, which are solu- 
ble, and of a dark brown color, and give to swamp- 
waters their peculiar hue; the water of streams that 
flow from swamps being dark colored. Another varia- 
tion takes place when the decomposition takes place 
under water; the hydrogen, instead of uniting with 
nitrogen, as in the air, unites with the carbon, forming 
carbu retted hydrogen, or fire-damp, or marsh gas, light 
ca rb u retted hydrogen. 

The bubbles that rise from among the leaves and rub- 
bish, at the bottom of ponds or streams, formed by the 
decay of the vegetable matter, as above described, are 
mostly fire-damp. If a torch be applied to these bubbles 
thoy will burn. 

(^^ o90.) Several years ago Schweitzer discovered that 
ammonio'Oxyd of copper, or cuprate of amraoniay would dis- 
solve cellulose and silk, but would not dissolve gum, dex- 
trine, or starch. It was found later that the solution 
would not dissolve elder-pith nor true ligneous fibre, 
alt!u>u;:']i it would dissolve cotton, and the cells of fruits, 
aa<l oolls and fibres of bark, except the cuticle; hence 
onuinatod the idea that there were two kinds of cellu- 
losv\ which Kromey distinguished by the names cellulose, 
\\w\\v\\\v^ the soluble kinds, tmdi pa.ra-cellulose, the insolu- 
ble kiuvls. including the pith of trees, ligneous fibre, and 
l^x^ Ov^lnUar tissue of the epidermis. The alkaline salts 
|^;\v)p^,^'Uo tho eolluloso, but not the silk; hence a ready 
M\vMns v^r distinv;iiishing silk from cotton in textile 



^^/w ,SN^ /u\\ i^v^t vM\ \oj;tM;Uiv>u? When these changes take place with 
V*'.'. >'' \\ * >v wiiH^ t{>k\M v^^^'^* ^Yhat when under water? 

,j ^'V' ^ \\K;Ai slivi SvUw^itier UUoovor? What kinds are dissolved 
M ^.4t ^^*h*U »^n^» * Uv^vr may silk b© distinguished from cotton ? 
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(§ 591.) To prevent the decay of 'wood. It becomes 
a milUer of interest to arrive at conditions wliicli will 
prevent the decay of wood in the various uses to which 
it is applied. Various processes have been proposed, and 
some of them are more or less successful. The pure vege- 
table fibre is itself quite indestructible. Its decay depends 
greatly on bodies with which it is in contact. It is well 
known that the sap-wood of a tree will decay much 
sooner than the heart- wood ; this is owing to the pre- 
sence of a nitrogenized substance, albumen^ in the sap of 
the new wood, which is much less in the old. Nitro- 
genized bodies undergo decay much more rapidly than 
the non-nitrogenized. They are the most unstable organic 
products. The femedies for the rotting of wood proceed 
especially on two conditions : first, to destroy or coagu- 
late the nitrogenized substances; or, second, to cover 
them up from access to the air. 

To accomplish the former the process of hjanizing has 
been adopted, which consists in impregnating the wood 
with corrosive sublimate. Chloride of zinc, sulphate of 
copper, acetate of iron, kreosote, have been employed with 
greater or less success for this purpose, but none of them 
have accomplished the purpose under all circumstances. 
Of the second, common painting is an example, which 
covers up the wood from the action of the air. Phos- 
phate of magnesia and silicate of potash are used not only 
to resist the action of the air, but to render wood in- 
combustible. The application of resinous or tarry cover- 
ings serves only to exclude the air. Fat pine resists decay 
because the fibre is embedded in pitch. So charring the 
outside of a post prevents the access of air to the inte- 
rior. Some kinds of wood resist the action of ordinary 
agencies much more efiectually than others. This is 
unquestionably owing to the presence of foreign bodies 
in the wood. 

The presence of iron in wood will make it decay faster 

(J 591.) Is the vegetable fibre indestructible ? What makes it decay? 
What is in the sap-wood? Where not so abundant? What two condi- 
tions necessary to preserve wood? How is the first accomplished? 
How the second? What effect has iron on wood? What eflect has 
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arouud tlie iron, probably from the rusting of the iron, 
inducing a corresponding action in the neighboring 
wood. 

The seasoniwj of wood also prevents decay by drying 
the albumen, so that it cannot act on the vegetable fibre. 
Placing wood for a time in a running stream, will pre- 
vent decay, because it washes out the albumen. 

(§ 592.) Distillation of -wood. When a hard wood. 
a.4 beech or oak, is exposed to a high temperature in a 
close vessel, a very different set of reactions takes place 
from those above noticed. There comes over a very 
large quantity of a brownish liquid, of a sour taste, and 
odor of smoke, which has been called pyroligneoiis acid, 
Ikit so far from being a simple acid, it contains many 
distinct substances, some of which we shall describe. 

The principal products are water, carbonic acid gas, 
carburetted l:;rdrogen, acetic acid, kreosote, pyroxylic 
spirit, and a kind of tar containing various bodies. 

The carburetted hydrogen may be shown by its com- 
bustion. 

(§ 593.) Kreosote, Ci^HgOa. The kreosote is contained 
in the acetic acid. It is a colorless, oily fluid, having a 
].)o\vcrful odor of smoke, and a pungent, burning taste. 
By age it turns brown. 

It is very poisonous, and should be used with great 
caution when applied for curing tooth-ache, as it often is. 
It is soluble in 100 parts of water, and is one of the 
moot powerful antiseptics. It is probably the effect of 
the kreosote, that rises with the smoke, that preserves 
meat. It is this that preserves meat, and gives it its 
taste and odor when put into pyroligneous acid. It is 
this irritating substance that makes the eyes so painful, 
when exposed to the smoke of hard wood. Pine wood 

seasoning ? llow does placing wood in a running stream for awhile 
affect it V Why ? 

(J 502.) WJiat effect by heating wood in close vessels? What are 
some of tlic products? 

{I 593.) What are the properties of kreosote? How does smoke pre- 
serve meat ? What in pyroligneous acid that gives the odor, and pre- 
serves the meat ? Why does smoke of hard wood irritate the eyes ? 
}Yhy does not the smoke from pine or from a coal-pit ? 
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gives very little kreosote. The smoke of a coal-pit will 
not greatly irritate the eyes, because the kreosote is 
mostly condensed before it reaches the air. 

(§ 594.) Wood tax. This substance is an exceedingly 
complex one, consisting of seven or eight well-charac- 
terized bodies, and many more, probably, which have 
not yet been isolated and studied. A bare list of them 
is all our limits permit : — 
Voloiile products. Solid products, 

Picamar. Paraffine (obtained from coal). 

Capnomar. Cedriret. 

Eupion. Pettical, resembling indigo. 

Pyroxanthine. 

Eupion, C He, is a very light, oily liquid, fragrant, 
having a specific gravity but little more than half that 
of water. 

Paxaffiine, C^sHso, is a white crystalline solid, resem- 
bling spermaceti; is obtained in large quantities from 
the distillation of coal ; soluble in alcohol and ether. Is 
used for making candles. 

(§ 595.) Water in -wood. Green wood contains from 
80 to 50 per cent, of water, which may be ascertained by 
drying the shavings of wood at a temperature not ex- 
ceeding-212°. Poplar contains 50 per cent. ; pine, 39 ; 
oak from 30 to 35 ; wood, seasoned in the air, contains 
still from 20 to 25 per cent., and kiln-dried wood, not 
charred, contains at least 10 per cent., and exposed to the 
air will absorb moisture. 

(§ 596.) Mineral coal. This substance exists in two 
principal varieties in the earth : bituminous coal and an- 
thracite. The former burns with jlame^ smoke, and odor, 
the latter with neither. 

These substances are of vegetable origin, as is proved 
by the microscope, and by impressions of stems and 
leaves found in connection with them. 

Bituminous coal was formed by moderate heat under 

(§ 594.) What is staid of wood tar? What is eupion? "What is par- 
(J 595.) How much water does green wood contain ? 
i\ 696.) How many varieties of mineral coal? How distinguished? 
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great pressure, so that the volatile portions were con 
fined with the carbon. 

Anthracite was formed under the influence of heat, 
enough to drive oft* the volatile materials, and the carbon 
alone was left. The geological positions lead us to the 
same conclusion. The anthracite being found in con- 
tact with those rocks that have been highly heated ; the 
bituminous is found lying on rocks that bear no marks 
of high heat. 

(§ 597.) Distillation of bituminous coal. The pro- 
ducts of this distillation are very numerous. When bitu- 
minous coal is heated in close vessels, the resulting com- 
pounds vary with the temperature applied. If heated 
suddenly to redness the compounds are mostly gaseous 
hydro-carbons, bihydruret of carbon, and olefiant gas. 
If the heat is applied gently, and long continued, gradu- 
ally increasing, the results will be mostly liquid hydro- 
carbong. By the first conditions the illuminating gases 
are produced; by the latter the various coal oils and 
solid hydro-carbons. 

By this gradual distillation, at comparatively low tem- 
peratures, we obtain a crude oil, which consists of many 
oils, of various degrees of volatility, of low specific gra- 
^'itv, possessing more or less odor ; and solid paraffme. 

The coal tar^ which is produced when the 'gases are 
formed, is a compound of many heavy hydro-carbons 
and naphthaline, paraiBne not being usually found in this 
produ'^t. 

In the coal oil and coal tar there is more or less of 
wnat is called ''light stuff," composed of highly volatile 
materials. One of these, henzoh, or henzin, resembling 
spirits of turpentine, is volatilized by a current of moist 
air passing through it, so as to burn, forming tlie '' j)ort- 
able gas generators." It readily dissolves resins, essen- 
tial oils, camphor, fats, wax, India lubbcr, and gutta- 



Whaf is their origin ? How proved ? How was bituminous coal formed? 
Hov/ antliraoite? 

(? ')'.I7.) What is said of the products of the distillation of bituminous 
coal ? II,,w do they vary ? What if licaled suddenly ? What if heated 
gently? Wlmt i3 benzole? What object to be attained in getting an 
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porcLa. Uupion, a compound described by Eeichenbach, 
constitutes a part of the crude coal oil. The objects to 
be attained in getting a coal oil fit for lamps, is to get 
rid of the too volatile products that would produce 
smoke in combustion, and the odorous matters that voU' 
der it unpleasant ; and on the other hand to get rid of 
the too solid portions that would unfit it for lamp use. 
These separations are produced to a greater or less extent 
by re^distillation, at different temperatures, by the action 
of concentrated sulphuric acid, by the action of quick- 
lime, and by the passage of steam through the oil to 
carry off the volatile and odorous materials. 

The commercial materials, now manufactured from 
bituminous coals and shales, besides gases, may be ar- 
ranged under the following heads, all containing more or 
less of impurities: — 

1. A volatile oil, like spirits of turpentine, used as a 
solvent. Benzole. 

2. An oil, possessing but little odor or volatility, usal 
for burning. Kerosene. 

3. A lubricating oil, probably mostly the preceding, 
containing parajQSne, used on machinery. 

• 4. Paraffine, a crystalline solid, resembling sperma- 
ceti, used in making candles. 

5. A solid grease, used as a lubricating substance ; it 
being a mixture of the above materials with other im- 
purities. 

6. A black pitch, useful in preserving wood, and cover- 
ing metals. 

Besides these, there is a large quantity of ammonia 
produced, and in such quantities as to demand its purifi- 
cation. Prussic acid is also a product of the distillation, 
and Prussian blue has been prepared from gas liquor. 

(§ 598.) Amylene, CiuHio, is produced by the distilla- 
tion of fusel oil with anhydrous phosphoric acid. It is 
a colorless, clear liquid, of peculiar color, and highly 
volatile. 

oil for burning in lamps? What are fome of the means employed? 
What commercial articles are produced ? What of ler materiald are 
produced ? 
(I 598.) For what baa amylene been used*} 
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it has been used as an anesthetic agent, and a superi- 
ority was claimed for it in regard to safety ; but this has 
been disproved by death having been produced by the 
administration of amylene. 

The agency of coal tar, as a disinfectant, has been 
highly extolled, in combination with plaster of Paris. It 
is 100 parts of plaster of Paris and 3 parts of coal tar. 
Others have denied this power, any further than as an 
absorbinor material. 



Starch. C12H10O10. Amidon^ Fecula, 

(§ 599.) Next to wood, starch is the most abundant 
product of the vegetable kingdom. It is found in all 
the grains and grasses, in tubers and bulbs, in the stems 

of many plants, and in the 
bark of various trees. It 
is contained in the cells of 
the plant, sometimes filling 
the cells, at others lying 
loose in them. Although 
to the naked eye starch 
seems to be an impalpable 
powder, yet under the mi- 
croscope it is seen to be 
made up of regularly organ- 
ized grains, resembling ex- 
ceedingly minute seeds, varying in size from g J^ to ^xi of 
a line in diameter, largest in the potato, having a hilum, 
or eye, and formed of concentric layers. These grains 
are unaffected by cold water, but in hot water increasing 
30 fold, and forming a transparent mass by solution. 
Dry heat breaks them up into star-shaped cracks from 
the eye, and renders them soluble. The substance, thus 
formed from flour, is called British gum, and is used exten- 
sively in manufactories, in calico printing, and for sizing. 
The test for the presence of starch is iodine. See 
Iodine, 




A cell, filled with grains of potato-starch, 
greatly magnifii-d. 



For what has coal tar ? 

(I 599.) How abundant is starch? What is its structure? What 

effect has hot water on it? What dry heat? What is British gum? 

What is the test for starch t ^ 
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Starch forms a large part of the vegetable food that we 
eat. Flour has from 70 to 80 per cent, of starch ; corn- 
meal at least 80 ; rice, 80 to 90 ; peas, 32 ; potatoes, 20 to 
30 ; beans, 30. The use of cooking these materials, for 
man or animals, is to make the starch soluble, and there- 
fore more easily digested. It is well known that animals 
will fatten much faster on cooked food than on raw. 

(§ 600.) There are many kinds of starch in commerce 
that are used extensively as food. 

Arrow-root is from the root of the Maranta ariindi- 
nacea, a West India plant, whic^ is now cultivated ex- 
tensively in Florida and Southern Georgia. It is pure 
starch, and should be perfectly free from all odor, or taste. 
The Bermuda arrow-root is the best. It makes a stiff, 
strong jelly, and is employed in making blanc mange, and 
in the production of various compositions in the culinary 
art, forming an agreeable light diet. 

Tapioca is from the root of a very poisonous plant of 
South America, the Janipha manihot. The root is ground 
or bruised, and pressed in coarse bags, suspended so that 
they may be twisted to compress the contents. The 
milky juice, that runs out into large vessels, contains the 
starch, which soon settles. The starch is then partly 
baked on hot stones, and by stirring is formed into the 
irregular grains in which tapioca comes to us. Tapioca 
is partly soluble on account of the baking it has under- 
gone. The contents of the bag that remain is cassava, 
and used for making a coarse bread. The process of 
cooking destroys the poison. It is one of the most palata 
ble forms of starch, being made into puddings and gruels 
for infants, by whom it is more relished than any other 
food, and agrees with them better than other amylaceous 
compounds, not souring on the stomach, and if cooked 
with milk making a nutritious diet. 

Sago is from the sago-palm, the Sagus rumphii, from 
the Moluccas, imported from Singapore. It occurs in 
the shops under three forms : pearl sago, meal sago, and 

What proportion of starch in some common articles of food ? 
(I 600 ) What is arrow-root? What is the best? What is tapioca? 
How prepared ? What i3 sago ? 
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brown sago. The first has been manufactured, the two 
latter are distinguished only by the manner in which 
they are put up. It is used as a mild diet for invalids. 
One ounce to a pint of fluid of any of these varieties of 
starch is sufficient. 

Of themselves they will not support life. They will 
make fat, but not flesh, or brains, or nerves. But they 
are usually cooked with milk and eggs, which supply the 
materials in which starch is deficient. A child should 
not long be fed on any of these starchy bodies exclu- 
sively. • 

These four varieties are often adulterated with potato 
starch, which can be readily detected by the microscope. 

(§ 601.) Common starch is made mostly from the po- 
tato, which is ground, and placed on a sieve, and washed 
with running water, which carries the grains of starch 
through into a vessel beneath, where it soon settles, and 
by simple drying is ready for market. 

From the bran of wheat, starch is often made in the 
family. The bran is wet, and allowed to ferment, which 
loosens the grains of starch attached to the husk by 
gluten, which fermentation directly, or by the action of 
the embryonic membrane, dissolves, and then, by wash- 
ing, the starch is obtained. 

(§ 602.) Starch converted into gum. Heat starch to a 
temperature not exceeding 300°, and it becomes soluble 
in cold water, and forms dextrine, or, as it is called in 
commerce, British gum, and is substituted for the more 
expensive gums in the arts. 

If starch is boiled, and a small quantity of dilute sul- 
phuric acid added, and boiled again, it is changed into 
dextrine. By continuing the boiling for several hours, 
and then neutralizing the acid by chalk, we have grape 
sugar. 

The acid has not changed at all in the process, but 
more sugar is obtained than there was of the starch. 



Will starch support life? How can adulteration with potato starch 
be detected ? 

(I 601.) From what is common starch obtained ? How is starch from 
pr&n obtained ? How is starch converted into gum ? What effect of 
boiling with SO3 ? What change h^s occwtt^OlI 
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Starch is changed into sugar also by freezing, as is indi- 
cated by the sweetness of recently-thawed Irish potatoes. 
In ripening fruits the starch is converted into sugar by 
tlic action of the organic acids. 

Gum. C12H10O10. 

(§ 602.) Gums are exudations from various trees, as 
the cherry, plum, peach, &c. 

There are two kinds of gum, the soluble and insoluble. 
The soluble is called arabin, of which gum arable is the 
representative, and bassorin, of which gum bassorin is 
the representative, and the greater part is insoluble, only 
one-fifth soluble in cold water. 

The insolubility has been supposed to be due to the 
presence of phosphate of lime. 

The soluble gums are gum arable, Senegal, and peach, 
&c. Gum tragacanth is about one-half soluble, the bal- 
ance being insoluble. 

Gum is regarded by some as an accidental substance, 
produced from a wound in the bark of the plant, whence 
it exudes with the sap. Tt runs at night, and in cloudy, 
damp, or rainy days. The shepherds of Lebanon go to 
gather the gum from the trees, that grow on the moun- 
tain, after the mountain has been for days enveloped in 
clouds. 

(§ 603.) There is no vegetable product that has so completely eluded 
the investigations of the vegetable physiologist, as to yielding its true 
character, as gum. The conditions of its production, and the true 
nature of its constitution, have been matters of pure speculation. At 
times it is found when the ligneous parts of plants are produced, and 
evidently, at their expense, at others we find the insipid gum issuing 
from an acid fruit, and, in certain trees, issuing from the stem at all 
periods of growth. 

M. E. Fremey has recently shed some light on the nature of gums, 
and has given us a clue to some conditions that have heretofore been 
inexplicable. 

When a stiff mucilage of gum arabic is carefully placed upon con- 
centrated sulphuric acid, the soluble gum is converted into an insoluble 

(§ 602.) What are gums? How many kinds of gum? What name 
applied to each ? How is gum regarded ? 

(§ 003.) Has the nature of gum been well understood? What effect 
has SOj on a stiff mucilage of gum arabic? What is produced? Uq\« 
rendered soluble ? What 13 produced hy decomposixv^ \\i\s xk^^ ^\iw- 
poand ? 
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material, called metagummic acid. This acid is rendered soluble by any 
of the alkalies, and by lime; but by decomposing this compound, meta- 
gummic acid is not produced, but gumviic acid. Soluble gum is the 
gummate of lime. Heat also, as well as SOs, converts gum into an in- 
soluble compound; but lolling water will render it soluble, which it 
will not metagummic acid. This may be owing to the lime being pre- 
sent in one case, and not in the other. This is probably the insoluble 
portion of gums, called heretofore bassorin. Soluble gum being meta- 
gummate of lime. 

(§ 604.) More or less gum is contained in most of the 
vegetables we consume as food. Wheat contains from 
2 to 5 per cent, of gum ; peas, 6 ; corn, 2 to 3 ; beans, 4 to 
19 ; potatoes, 3. 

Uses of gum. Gum is not digested, and by itself is 
not used as food. Its most important applications are 
as emollients and demulcents in shielding inflamed sur- 
faces, and is used for these purposes in the form of gum- 
water and gum lozenges. Gum- water is made by taking 
J oz. of gum, and dissolving it in 1 pt. of cold water. 
Plain mucilage is 9 oz. to the pint ; used as a medium 
for medicines. Gum lozenges are sugar and mucilage 
and starch. Gum is employed extensively in sizing 
paper, and in finishing glazed goods. 

Calico-printers have their materials made up with gum 
into a stiff paste, for printing. 

From the adhesive character of the solutions, they are 
used for attaching labels. One part of gum tragacanth, 
boiled for a short time in 20 or 30 times its weight of 
water, makes a good material for such purposes. When 
it is cold, add a little volatile oil, to prevent mouldiog, 
and keep in a close vessel. 

Cane Sugar. CizHnOn. Sp. gr. 1.6. 

(§ 605.) The term sugar is applied in science to a large 
class of bodies, agreeing in no particu lar but in that o f 
sweetness. There are two "classes of sugar, crystallizable 
and uncrystallizable. 



(§ 604.) What proportion of gum in some common articles of food? 
A\liat are the most important uses of gum ? What is gum-water? What 
is mucilage ? What gum lozenges ? How do calico printers use gum ? 
>\ Jiat other uses ? How is an adhesive substance formed ? 
(§ 006.) To wliat is the term sugar applied ? 
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Of the crystallizable sugars the cane sugar is the most 
important. It is called cane sugar because the cane 
yields it in greatest quantity. iBut other vegetables yield 
it, as the beet and maple. 

(§ 606.) History. The cane was introduced by the 
Spaniards into the West India Islands, in 1520, and has 
now spread over the tropical world. The cane yields ]i 
of all the sugars of commerce. The other -j ^ is mostly 
obtained from the beet and palm and sugar maple. 

(§ 607.) The juice of the cane, when expressed, con- 
tains all the elements of nutrition, and undergoes rapid 
changes ; hence the necessity of immediate evaporation, 
or the application of some material to prevent the action 
of the air. From the presence of acids in the juice, 
which acting on the sugar produce uncrystallizable 
sugar, or molasses, lime is added to neutralize them. 
This answered but partially the conditions, for the action 
of the air on the nitrogenized materials produced the 
same result. Sulphite of lime is used, the lime neutral- 
izing the acids, and t]je sulphurous acid takes the oxygen 
out of the air that is mingled with the juice, or comes in 
contact with it. The high heat also in evaporation caused 
much uncrystallizable sugar. This is now obviated by 
the use of the air-pump, in exhausting the air from large 
evaporating pans, in which the juice is evaporated at a 
temperature not exceeding 150°. From the application 
of these improvements the amount of sugar, from the 
same amount of juice, has been increased 50 per cent. 

The juice of the cane consists in 100 parts: — 
Sugar, 18 

Water and gluten, 71 

Woody fibre, 10 

Salts, X 

How many classes of sugar ? Which is the most important ? 

(J 606.) When and by whom was the cane introduced into the West 
Indies ? 

(2 607.) What does the juice of the cane contain? What effect has 
air upon it?- What is used to neutralize the acids? What is used to 
neutralize the action of the air and the acids ? How is evaporation at 
high temperature avoided ? How much has the amount been increased 
by these improvements ? Of what does the juice of thft cau^ <i<i\wb,\&\.t 
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There is no molasses in the juice of the cane. It is 
all made in the process of manufacture. By uniting the 
sui^ar with baryta, and tHen separating it by carbonic 
acid, all the sugar is obtained crystallized. The maple- 
sap yields no molasses, if properly evaporated, as the 
sa]) of the maple is little else but sweetened water, there 
being scarcely anything in the sap but sugar. The beet- 
juice requires the same precautions as that of the cane, 
they both containing nitrogenous compounds. 

(§ 608.) When the sap is evaporated, and the syrup is 
jilaced in vessels, where the sugar cools and crystallizes 
with no further effort at purification, it is called Musco- 
vado sugar. Sugar is now purified almost entirely by 
passing the syrup through beds of animal charcoal. It 
was formerly purified by mingling blood with the syrup, 
and boiling it, or submitting the masses of sugar to the 
process called claying, which consisted in forming a 
layer of fine clay over the top of the sugar, and placing 
water on it. The water percolating through the clay so 
gently that it carried away the molasses, that gave color 
to the sugar, without dissolving the sugar. 

(§ GOO.) Beet sugar. As early as the middle of the 
List century ^largraff, of Berlin, directed attention to the 
fact of the large amount of sugar contained in the beet, 
but it was not extracted till the time of Napoleon, when 
tlic high price of sugar induced him to offer rewards for 
the manufacture of sugar from beets. The composition 
of beet-juice is: sugar 10 J per cent.; gluten 3; woody 
fibre 5 ; water 81 J. 

Tlicre is now produced, on the continent of Europe, 
362,000,000 lbs. of beet sugar. 

(§ 610.) Maple sugar. This is obtained by tapping 
the maple tree, the Acer saccharinum, in the spring of the 
year, during frosty nights, and clear days, when a sweet- 
Is llierc molasses in the juice? IIow made? How can it be avoided? 
How with maple sap? 

(9. 008.) What is muscovado sugar? How is sugar purified? What 
is clayed sugar ? How formerly purified ? 

(2 609.) What is said of beet sugar ? What is the composition of beet 
juice? 
fg 610.) What is said of maple sugar? 
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ish sap flows out, containing 2J per cent, of pure cane 
sugar. It is usually simply evaporated in the forests 
over open fires, and in open kettles, producing a sugai 
of a peculiar pleasant taste, whicTi, when purified, is in 
no respect different from the sugar of the cane. 

(§ 611.) Uses. Sugar is an agreeable and healthful 
element of food, and is used to a great extent for this 
purpose in every family. It is largely employed as an 
antiseptic. It preserves fruits and meats by dissolving 
out the water and albumen, and enclosing the materials 
in a thick syrup, from the action of the air. It is more 
powerful than salt in preserving meats, and fish are oilen 
• preserved in it. 

(§ 612.) Properties. Sugar crystallizes in small grains, 
by rapid cooling of a strong syrup, as in loaf-sugar, or 
in large distinct crystals, by a slow process, 
as in sugar-candy, the crystals being an 
oblique rhombic prism. Pure sugar is 
white and inodorous. Phosphoresces by 
rubbing two pieces of loaf-sugar together in 
the dark. When heated to 356°, on cool- a crystal of Fu-ar. 
ing, it forms a transparent amorphous mass, called 
barley -sugary or sugar-candy ; at 420° it loses 3 equivalents 
of water, and is converted into a brown, tasteless mass, 
called caramelj used in coloring liquors a wine-color. 

Sugar dissolves in one-third of its weight of cold water, 
and to any extent in boiling water. A saturated solu- 
tion at 230° becomes perfectly solid on cooling. 

Sugar is rendered uncrystallizable by the addition of 
many foreign substances ; -^^ of citric, oxalic, or malic 
acid will prevent crystallization. 

Sulphuric acid ' converts sugar into saccharic acid ; 
nitric acid produces saccharic, oxalic, and carbonic acids. 

There are produced annually 6154 millions of pounds 
of cane sugar, of which 4527 millions of pounds come 

(J 611.) What is said of the uses of sugar? How does it preserve 
meat and fruits ? 

(2 012.) What are the properties of sugar? WJiat is barley sugar? 
What is caramel ? What of its solubility ? How rendered uncrystal- 
lizable ? What effect has SO3 on sugar ? What nitric ? How much pro- 
duced ? How much of each ? 
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from the cane, 362 from the beet, 220 jGrom the palm, i5 
from the inaple. 

(§ 613.) Sugar as an artiole of diet. It yields no 
nourishment proper, but makes materials for combus- 
tion. It exists naturally in our food. Wheat flour con- 
tains 4 to 8 per cent., corn meal 1 J, milk 4f , sweet pota- 
toes 12 to 15, figs 62, and almost all our food contains a 
greater or less amount of the saccharine principle. It 
is usually considered unhealthy when eaten in large quan- 
tities, by children especially, but this instinctive desire 
of sweet 'articles in diet, by the young, should be gratified 
in the healthy, and there is no good reason for believing 
that it proves injurious so long as it is digested. In an 
unhealthy stomach it is converted immediately into lactic 
acid, and then it proves injurious, which is indicated by 
acidity of the stomach. Although it is converted irto 
lactic acid in the succeeding process of digestion, yet this 
should not take place in the stomach. 

The Duke of Beaufort ate one pound of sugar a day 
for 40 years, and was every way healthy. 

Grape Sugar. CiaHi^On. Glucose, 

(§ 614.) This substance is the result of the change 
of other sugars, by natural or artificial agencies. It is 
obtained from acid fruits. It does not exist in the juice 
of the fruit, but by the drying and exposure it is con- 
verted into it. The white inflorescence on raisins, prunes, 
and iigs, and the hard grains of sugar found in them, is 
gTupe su»i:ar. It is found in the greatest abundance in 
Uotiev. The eandied honey is grape sugar. It is much 
less vahiablo than cane sugar, not being so sweet, and 
not so soluble. 

Tliis is the kind of sugar made when starch, or wood, 
vu* gum is converted into sugar. It is not a little re- 

[l i\\l\.) Is suj:;«r nutritious? What proportions in the common arti- 
cles of looil? Is it injurious as diet? What indication when it is in- 
jurious ? 

(I iMAA Wh«t 18 pcrapo sugar? Of what is it the result? Where 
found in abundanoo ? la it as valuable as common sugar ? When i« 
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markable that no means have proved successfdl in con- 
verting these materials into cane sugar, which does not 
differ from them at all in composition, yet they all yield, 
when acted on by appropriate agents, grape sugar, that 
differs from them by two atoms of water. This is the 
sugar that takes on the process of fermentation, and all 
sugars must be converted into this before fermentation 
can take place. 

Te^ts of the two classes of sugars. Sulphuric acid 
turns cane sugar black, but does not affect grape sugar. 

Add some sulphate of copper (blue stone) to a solution 
of each, then potash, and heat them ; the solution of grape 
sugar will form a reddish yellow color, the cane sugar is 
not affected. 

(§ 615.) Besides the two great classes of sugar abov\. 
mentioned, there are many other saccharine substances 
that require a brief notice. 

Honey is a compound of two sugars, the grape sugar, 
which has been noticed, and a liquid sugar, which gives 
the characteristic taste and odor to the honey. This 
portion varies in its properties, depending on the sources 
whence it is obtained by the bee. The famous honeys 
of Mt. Ida, Narbonne, and Chamouni have their dis- 
tinctive characters from this portion of the honey. 
Honeys are sometimes poisonous, as that of Trebizond, 
derived from the poisonous Azalea pontica, 

(§ 616.) Manna. The manna of commerce is from 
iheFraxtnus oimus (Jjinn.), a species of ash, which grows 
in Southern Italy and Sicily. Incisions are made in the 
tree, during the months of July and August, similar to 
those made for turpentine in this country, and as the 
juice exudes it hardens. It occurs in light porous masses, 
easily broken, and of a yellowish color. Flake manna 
is the most highly esteemed. It is composed of various 
substances: mannite, 40 per cent., a crystallizable sub- 
stance ; gum 40 ; grape sugar 10 ; water 10. 

What sugar alone ferments? How arc the two kinds tested? 
(J 615.) What is honey? What gives it its peculiar flavor ? When 
poisonous ? 
(J 616.) What is manna ? How does it occur % Wb^aX \a \V^ ^iQ\s^^^'Kv- 
13* 
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It is used in medicine as a gentle laxative for children, 
wliich property it acquires by age. When frc3sb, it is 
eaten as food, as sugar is usually employed. It is not 
the ninnriite tliat gives it its medicinal quality. 

ManBitaj Ct;^HyOi^ It exists in many plants, and 
manna ow^es ita svireetness to this substance. It is easily 
obtained from manna by treating it with alcolioh and 
filtering. As the solution cools, silky, needle-like crys- 
tals of mannite are produced. It exists in celery, onions, 
mushrooms, &c. ; soluble in water and hot alcohol; does 
not ferment. Is produced in what is called the mscou^ 

Honey-(leT?7» This is found on our oaks, and is an 
exudation, which gives a sweetish taste to the leaves j it 
is of a similar character. 

With reagents mannite acts like cane sugar. 

(I 617.) Liquorice is the inspissated juice of a plaiit 
called the Gb/q/rrkiza glabra. It is imported Irom Spain. 
This hardened j nice is a complex substance, but contains 
a material called ghjcyrrhizinef which is a kind of sugar, 
and which gives the properties to liquorice. Used for 
coloring beer and porter, and enters into medicines for 
coughs* An excellent composition of this kind is Wis- 
I tar*s Cough Lozenges, which consist of opium 38; liquor- 
ice, sugar, gum arabic, 5* 11 ss. ; oil of anise 15 grs. The 
solid materials mixed in powder, and the oil added, and 
made into pills. For ordinary u^e, with bo fever, they 
are good* 

(g 6180 Iiactoee. Sugar of Milk. Ci.Hi.Oi.. After 
precipitating the caseine and butter, in boiling millty by 
some weak acid, and evaporating the whey, we obtain 

EBugar of milk. It may be still farther purified by re- 
Crystallization, and the action of animal charcoal. It is 
gritty between the teeth, sweet, giving that taste to milk. 
All mammifer^ yield lactose in their milk, 
\ 






I 



%hti1 For vhut uaed? What is mannite! How obJamedt Whew 
does it eitiat ? What is lioucy-dc*w ? 

(I G17.) What is liiitmricjc ? What docs it conUint What is it used 
for! 

(I 018.) Wbftt is lact^^ae ? How obUitted ! What ar« i(a properties T 
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It is not very soluble in water, insoluble in alcohol 
aud ether. It ferments like cane sugar. Like cane sugar, 
also, its presence in metallic solutions prevents the pre- 
cipitation of many metallic oxides by the alkalies. Ca- 
seine converts it into lactic acid by simply breaking the 
atom in two (lactose, Ci2H,20i2, lactic acid, CeOGHe.) 

DIFFERENT KINDS OF FEBMENTATION. 

(§ 619.) Vinous fermentation. This name is given 
to that change by which sugar is resolved into alcohol 
and carbonic acid by contact with a ferment. 

(§ 620.) Iiactio fismientation. When a solution of 
sugar is placed in contact with pressed curd, and kept at 
a temperature of 80° or 90°, after a time the materials 
become acid, and the sugar partly or wholly disappears, 
and little or no gas escapes. The sugar has become broken 
up into lactic acid. When the solution becomes much 
sour the process ceases ; but if the acid be neutralized by 
chalk, the process goes on until all the sugar has become 
converted into lactic acid. This fermentation takes place 
in the souring of milk. The action of the air on the 
caseine commences the process. 

(§ 621.) Viscous fermentation. When certain sac- 
charine juices, such as those of the beet, carrot, and onion, 
are kept at a temperature of near a hundred degrees, the 
sugar in their juices disappears ; but instead of alcohol 
and carbonic acid being found in the liquid, we find 
lactic acid, mannite, and gum. This latter substance 
makes the solution viscid, hence called viscous fermenta- 
tion. The products are undoubtedly the results of the 
decomposition of the sugar, but the nature of the changes 
is not well understood. 

(§ 622.) Butyric fermentation. This is a continua- 
tion of the lactic fermentation. If we take 1 part of 

What of its solubility ? Into what does caseine convert it ? 

ii 619. J What is vinous fermentation? 
I 620.) What is lactic fermentation? How may the process be con- 
tinued ? 

SJ 621.) What is viscous fermentation? 
I 622.) What is butyric fermentation ? Explam l\v^ '^TQ^i^^'?^^ 
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cane sugar and 5 parts of water, J part of prepared 
chalk, and a small quantity of fresh curd, and the mate- 
rial kept at a temperature of 80° or 90°, the lactic fer- 
mentation soon commences; lactic acid is produced, and 
unites with the lime, liberating carbonic acid. This goes 
on till all the sugar is converted into lactic acid and the 
whole becomes converted into solid lactate of lime. 

If, now, the temperature be kept from 90° to 100° for 
some time, the lactate dissolves slowly, while a mixture 
of the gases CO2 and H are given off. It becomes fluid, 
and when the gases cease to form, the solution contains 
no lactate, but instead the butyrate of lime. The lactic 
acid having been transformed into butjrric acid. 

(§ 623.) Vinous fermentation is effected by a sub- 
stance called yeast. It is the presence of the yeast simply 
that causes the breaking up of the sugar, and not any 
combination that it forms with the elements of the sugar. 
Yeast is a nitrogenized body, undergoing decay. It has 
the power of producing itself, when the materials for its 
production are present. A certain amount of yeast can- 
not convert an unlimited amount of sugar into COo and 
alcohol. If we put a small quantity of yeast into a 
vessel containing a solution of sugar, it will commence 
fermentation, and go on till the yeast is exhausted, when 
the fermentation will cease, and the fluid will still be 
sweet. But if we put a small quantity of yeast into a 
large quantity of flour, the fermentation will go on un- 
limitedly. The reason is, that the yeast forms in the 
flour new yeast, out of the nitrogenous materials of the 
flour, — hence ''a little leaven leaveneth the whole lump." 

Yeast is formed spontaneously out of the nitrogenous 
materials of many fluids. When the juice of fruits is 
exposed Ibr a few hours in a warm atmosphere, ferment- 
ation commences, which is occasioned by the action of 
the air on the nitrogenous materials of the juice. These 
materials were excluded from the air in the cells of the 



\l 02a.) How is vinous fermentation effected? Docs the yeast take 
tiny part in tlie process? AVhat is yeast? Can a small quantity of 
yeast convert an unlimited quantity of sugar intc alcohol? How is it 
with flour? How with the juice of fruits? 
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fruit, and would have remained an unlimited time with- 
out change. This teaches us the necessity of air to com- 
mence fermentation, and that by entire exclusion of air 
it may be prevented. 

(§ 624.) Yeast is made for culinary purposes, by ex- 
posing a mixture of milk and flour at a temperature of 
about 90°. The cook often fails in having the "yeast rise,^' 
from not keeping the right temperature. If the tempe- 
rature is below 70°, instead of forming yeast, the sugar 
will be broken up into lactic acid. If it remains a long 
time with the temperature thus low, until a large quan- 
tity of lactic acid is formed, and then reaches the tempe- 
rature necessary for making carbonic acid and alcohol, a 
sour mass will be obtained, unfit for making good bread. 
One side of the vessel, containing the materials for yeast, 
may be warm enough to make carbonic acid and alcohol, 
and the other making lactic ticid ; so that the same result 
as the preceding is obtained — a mixture of lactic acid and 
yeast. By raising the temperature at once to 90°, and 
maintaining it at that point, the yeast will be certainly 
formed, and no lactic acid in it. When juices are ex- 
pressed from the pulp of fruit they are clear and trans- 
parent, but by standing a few minutes they become 
slightly turbid by the formation of a yellowish-brown 
substance, which, after some time, settles to the bottom. 
The turbidness is occasioned by the coagulation of the 
fibrine of the juice, and on this fibrine, at the bottom of 
the vessel, the bubbles of incipient fermentation appear. 
It is evidently some change in the fibrine that causes 
fermentation. The most probable view of this change 
is, that by the action of the air the fibrine commences to 
decay, and by this change in the molecules of fibrine 
the molecules of sugar in contact with them change also, 
and this change of the sugar into carbonic acid and alco- 
hol is fermentation. The force that produces it is called 
the catalytic force. 

Why did it not take place in the fruit? 

(J 624.) How is yeast made ? What the cause of failure ? Why sour 
sometimes? How may it certainly be formed? How in the juice of 
fruits ? How explained ? What is this force crA\ed1 
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(I 6*25.) Grape sugar, CuHt^Ou, whicli is the yiily kmd 
tliat undergoes fermetitation, is broken up into 2 atoms 
of alcohol and 4 of carbonic acid, and 2 of water, thus 
expressed : — 

CnRuOn ^ 2(C,II,0,) + 4(C0,) + 2(H0), 
If the sngar nsed is not grape sugar, the yeast must 
fir^t convert it into grape sugar, or this fermentatian 
cannot take place. This it witl not do to manua sugar, 
Bor liquorice sugar, hence these will not undergo fer- 
mentation. 

Any temperature a little below boiling water arrests 
fermentation, but will not destroy it, 

(§ 626.) The real cause of fermentation is not very 
evident. We have given what we be- 
lieve to be the cause^ but others consider 
fermentation the result of vegetable life. 
A plant called the yeast-plant, Tomla 
cerevima, is supposed to produce fer- 
mentation. That there i^ such a plant 
no one will deny. The annexed figure 
represents it ; but that it is the cause of 
'"'^t^'^^^^^^^^^^'^^on may well be doubted. It 
iiuioumiiiatcjtytty, ig generally present, but we think true 

» fermentation takes place, when the yeast-plant cannot be 
^ detected. It is usually coincident with fermentation, but 
is not essential to the process. 

(§ 627,) The products of fermentation are extensively 
used as drinks; the object of the use depending mostly 
on the alcohol they contain, and are most commonly 
divided into beers, wines, and distilled liquors. 

Btiers are usually divided into ^mall and strong beers. 
&naU beer is a common product of every Louaehold. 
They are made fram a great variety of materials, but all 
dependent on the same chemical principles. 

Solutions of sujaTj with a fcmmU and right tempera* 

(i 625 ) How is the grapo mgar afl'cctfd! If it is not ^npc awgtirt 
Wliat temperntiirf! will arrest rcrmenNitiuii ? 

f| 62Q.) Wiint do some suppose lo bo (he cause of ferBientfttioti ? 

(I 627.) Whai arc the prmluctg of f^rroeLfttUoQ ? How ore beert 
diTidt^d? 
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ture, are the only esseotial conditions for making beer. 
A cheap family beer is made as follows : — 
5 galls, of water. 
2 oz. of hops, boiled in 1 gallon of the water. 

Mix the infusion with the cold water, and add 2 qts. 
of molasses and a little yeast. The flavor may be modi- 
fied and improved by the addition of a little ginger with 
the hops, when boiled, or cloves to the solution after 
being boiled. Stale bread, or biscuit, boiled with the 
hops, gives body, and adds nutritive qualities to it. 

The quantity of alcohol varies much in small beers, 
from 1 to 4 or 5 per cent., depending on the relative 
amount of materials used. 

(§ 628.) Strong beer. Strong beers are characterized 
by being made from malty and the bitter astringent infu- 
sion is much more abundant. 

Malt is barley, which is allowed to sprout until the 
radicle is about the length of the seed, when it is sud- 
denly dried, so as to kill the growing plant. The object 
of this process is to convert the starch of the barley into 
sugar, which is accomplished by the diastase. After the 
material is perfectly dried, the radicle* is removed by a 
machine for that purpose, and the grain is ground into 
meal, and this meal is malt. The temperature at which 
the malt is dried has much effect on its character, and 
is known as pahy brown, and roasted malt. The first 
kind yields vthe sugar and nutritious portion, and is 
much the most important; the second gives flavor, the 
third color. Although the barley measures more after 
malting than before, yet it weighs from 10 to 15 per 
cent. less. "" 

This malt is mingled with something more than its 
own bulk of water, heated to 160°, when the sugar and 
diastase are dissolved, and in the course of a few hours 
the diastase has dissolved out all the starch, and we have 
a transparent, brownish, very sweet liquid, called must. 
Pure starch may be added to the malt, and the diastase 

What are the conditions for making beer ? VVliat is said of the quan- 
tity of alcohol ? 
(I 628.) What are strong beers? What is maAll ^w \xss\ftx^W 
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will dissolve it, whicli makes the beer stronger. An 
infusion of Lops is added to the must, which gives bitter- 
nesa to tlie prodnct^ and modifies in some manner^ not 
well understood, the fermentation. This mixture is re- 
duce<J in temperature to 50° or 60°, and yeast added, 
when fenuentation takes place, and we have ale, portePj 
or brown stout, or strong beer^ according tn slight varia- 
tions in the process of manufacture. Picric acid is some- 
times fraudulently used to give bitterness to strong beers. 

Only three-fourths of the sugar is consumed in the 
fermentation. From 4 to 10 per cent of nutritive matter 
is contained in strong beer, one half as much as in milk^ 
hence used as a part of the diet by workingmen of Europe 
in largo quantities. Beef, beer, and bread have been 
called the English man's diet. 

The amount of alcohol is from 6 to 8 per cent, in the 
ordinary ale or porter. A quantity much too great to 
consider them as harmless drinks for persons in good 
health. 

It is well kuown that these articles, when exposed to 
the aiTj turn sour. There is a kind of beer made on the 
continent of Europe known as Bavarian beer, that does 
nut turn sour. This is made by allowing the fermenta- 
tion to take place at a very low temperature. If the 
temperature is but little above 40°, the yeast will sepa- 
rate from the fluid, sinking to the bottom, and not acting 
on the alcohol, to convert it into acetic acid. After seve- 
ral weeks this is accomplished^ and the beer is then drawn 
off^ and the active nitrogenized portion having been sepa- 
rated, the beer will not turn sour by exposure. This 
constitutes lager beer. 

(629.) Wines are the fermented juices of fruits. 
They contain little or no nutriment, and no bitter ingre- 
dient 

Cider is a species of wine, from the apple. The varie- 
ties arc almost itLfintte, depending on the kind of apple, 
ripening, time of tlie se^son^ and different Beaaons, soil, 

What IB muBt ? AVljal urp ixU-., imrfer, &c. ? Are tbey nuli-ilktia ! Wliat 
M rhe anioinU of nlcnliol 1' WImiL is Ijiger beer? 

a 629.) Whtii Jirp wines? What is cidor? What conditio ns for good 
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&c. The conditions that conspire to make the best ciders 
are, apples with little juice, a mixture of sweet and sour 
apples, late in the season, after cold weather has com- 
menced. This latter reason is the one that prevents very 
good cider being made in the South, the apples are ripe 
and rotting before cold weather commences. Cider con- 
tains about 9 per cent, of alcohol. Sulphur burned in 
the vessel into which cider is put, prevents the conver- 
sion of it into vinegar. Sulphite of lime does the same 
more effectively. 

(§ 630.) Wines proper. These are the juice of the 
grape, fermented. The circumstances that modify the 
character of cider are more effective in changing the 
character of wines from the grape. Particular years be- 
come distinguished for the character the season gave to 
the wines. Particular plantations also become celebrated 
for the flavor of their wines, owing, undoubtedly, to the 
soil and exposure. A volatile ether, called oenanthic 
ether, gives the peculiar flavor, to wines and liquors, 
and this seems to vary not only with the fruit, but with 
the location, soil, season, or any other circumstance that 
affects the production of the wine. 

All the chemical conditions, however, are the same as 
those for cider. The juice is exposed to fermentation, 
which takes place as in cider ; the lower the tempera- 
ture at which the process of fermentation goes on the 
better. Before the fermentation is entirely completed it 
should be racked off from the lees into fresh vessels. 

Wines made in this country will always turn sour, 
without special precautions to the contrary. The amount 
of nitrogenous materials is so great, in proportion to the 
sugar they contain, that the excess of yeast formed will 
convert the alcohol into acetic acid. Sugar is added to 
prevent such a result, which it will do if the amount is 
suflBcient. 

cider? How much alcohol in good cider? What will prevent cider 
from becoming sour ? 

(J G30.) What are wines proper? What afFect their character? What 
gives the peculiar flavor to wines ? Why do our wines always turn sc ur ? 
What is done to prevent it ? 
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(§ 631.) Wines of commerce are divided into red and 
white. The red wines owe their color to fermenting 
the husks of the grape with the juice, the alcohol dis- 
solving the coloring matter, which the juice would not 
do. The white wines are from white grapes, or from the 
juice of black gi^apes without the husks. If the juice 
be very abundant in sugar, and the ferment be abundant, 
strong wines are made. If the sugar is abundant, and 
the ferment small in quantity, sweet wines are produced, 
as in the South of Europe. If the ferment and sugar be 
relatively equal, dry wines are produced, being neither 
sweet nor sour. If the quantity of sugar was small, 
and the ferment also small, light wines are produced. 
When the ferment is in excess, sour 'v^'ines are produced, 
which is the case with not only our grapes, but all our 
other fruits of which domestic wines are made, as black- 
berries, raspberries, currants, &c. 

When the wines are bottled, before the ferrttentation 
is completed, sparlcling wines are produced. 

(§ 632.) The acid contained in the grape is mostly 
tartaric acid, which is usually partly neutralized by pot- 
ash. During the fermentation this acid acts on a part 
of the alcohol, forming oenanthic ether, which gives w^ith 
small quantities of volatile oil generated the hoquet to 
wines. This boqiiet is the stronger, more decided, and 
highly esteemed in proportion to the tartaric acid con- 
tained, and this is most abundant in the strong and 
sour, wines, and least in the sweet wines. Hence, the 
strong wines often bear extravagant prices in market, 
while the sweet wines are lightly esteemed. We have 
all the elements for making the best wines in this 
country. 

(§ 633.) Every nation upon the globe has some fer- 
mented drink which produces intoxication, or a drink 
that produces its equivalent excitement. The palm wine 

(J GSl.) How are the wines of commerce divided? When are strong 
wines made ? When sweet wines ? What are dry wines ? What are 
light wines ? What sour wines ? What are sparkling wines ? 

{'i 032.) What is the principal acid in grapes? What agency doei 
this acid exert ? 

(I 63S.) What have an nations? 
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is made throughout the tropics. Sugar-cane wine is made 
in tropical America. Pulque is made from the Agave 
in Mexico. 

Distilled Liquors. 

(§ 634.) These occur in commerce under the names ol 
rum, brandy, and whiskey. Bum is from the sugar- 
cane. Brandy from fruits, as grapes, apples, and peaches. 
Whiskey is from grains and potatoes. Brandy is pro- 
duced from the distillation of refuse wines. Whiskey is 
produced from materials that would make strong beer. 
, The refuse of sugar manufacture and sour molasses is 
fermented, and made into rum. 

(§ 635.) During the distillation there is a volatile oil 
produced, which gives the peculiar flavor and odor to 
the particular distilled spirits. Fusil oil is produced 
during distillation, and during the fermentation; more 
or less acetic acid is also produced. 

By ordinary distillation these materials, being more 
volatile than water^ are carried over with the alcohol. 
By improved processes these are left behind. The de- 
phlegmator is an arrangement of this kind, and produces 
strong spirits by a single distillation. It consists of 
tubes rising above the still, so high that the temperature 
of the top, where it turns into the condenser, shall be of 
the temperature of the vapor of alcohol. ' The vinegar 
and fusil oil will condense before they rise to that 
point, and will, of course, fall back into the still. Thus 
the liquor is strengthened and purified at the same 
time. 

For distilling alcoholic liquors in the laboratory, the 
most convenient arrangement is a retort and a LielDig's 
condenser, as exhibited in the figure. It is equally 
adapted to all volatile materials, oils, ethers, &c. 

(J 634. ) Under what names do distilled liquors occur ? From what is 
rum? Brandy? Whiskey? 

(J 635.) When is fusil oil produced? What other substance? How 
separated ? Of what does the dephlegmator consist ? How does it 
operate ? What is used for distilling in the laboratory ? 
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a The retort. 

b Liebig's condenser. 

c Reservoir for cold water. 

p Tube leading the cold water to the bottom of the condenf«r. 

e Tabe leading off the warm water from the top of the condensing tub* h 

d Vessel to re«>}ive the warm water. 

r Receiver. 



Alcohol. C4H5O + HO. Sp. gr. 0.795. 

(§ 636.) Alcoliol is a colorless volatile fluid, with a 
pleasant odor, pungent, burning taste. It has resisted 
all degrees of cold, and of course has never been frozen. 
It has a strong affinity for water, dissolves resins and 
volatile oils, and coagulates albumen. On this last pro- 
13erty, and its affinity for water, depend its powerful 
antiseptic properties. It burns with a pale flam^, with 
no smoke, and with intense heat ; hence, in constant use 
in the laboratory. Absolute alcohol cannot be obtained 
by simple distillation, because the vapor of water is 
formed at all temperatures, and some vapor will go over 
with the vapor of alcohol all the time. Alcohol boils 
at 173°. 

Absolute alcohol is obtained by adding to alcohol, as 
strong as can be obtained by distillation, powdered mu- 
riate of lime, which has a powerful affinity for water, 
which takes it out of the alcohol, which is distilled over 
oiirc. A test of its purity is to drop a small piece of 

(I G3G. ) What are tlie properties of alcohol ? H jw is absolute alcohol 
Gained ? How is its purity tested ? 
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pure unslaked lime or baryta into it. K there is any 
water in it, the lime or baryta will slake, and fall to 
powder, if not, they will not be affected. 
, The following are the amounts of alcohol yielded by 
the different substances : — 

100 lbs. of grain give 4 J gallons of spirits, containing 
45 per cent, of absolute alcohol. 

100 lbs. of potatoes. If gallons. 

100 lbs. of beet roots, IJ gallons. 

Common distilled liquors, of first proof, contain about 
53 per cent, of alcohol. 

Common alcohol contains about 80 per cent., but alco- 
hol, good enough to make burning fluid, must be 95 per 
cent. 

A great part of the materials used in making alcoholic 
liquors passes off in carbonic acid. For every gallon of 
alcohol 450 gallons of CO2 are produced. 

(J 637.) The acids produce singular effects on alcohol, many of -which 
it is difficult to account for. Alcohol dissolves nearly all the acids ; and 
the results of acid reaction may be arranged under three classes, de- 
pending on the conditions under which the reaction takes place. 

1. The alcohol loses one-half of its water, and is converted into ether. 
. Sulphuric, phosphoric acids, and others, do this. 

* 2. The ether unites with the acid, forming neutral compounds. As 
acetic and oxalic acids. 

3. The ether unites with the acids, forming compound acids. Sul- 
phuric and phosphoric acids do this. 

If the acid yields oxygen readily the alcohol is destroyed, and reduced 
to more simple products. Nitric, chloric, chromic, &c., do this. 

Concentrated SO3 united with pure alcohol will not act on any neutral 
carbonate. 

Chlorohydric acid, dissolved in alcohol, will not act on the carbonate 
of potash ; but will on the carbonate of soda, lime, and strontia. 

Nitric acid with alcohol does not act on carbonate of potash ; but does 
on the carbonates of lime and strontian. 

Acetic and tartaric acids, dissolved in alcohol, do not decompose any 
carbonate. 

(J 638.) Alcohol dissolves the hydrates of potash and soda, and by 
heat of about 400° F. hydrogen is liberated, and we have an alkaline 
acetate. 

The chlorides, bromides, and iodides are generally soluble in alcohol, 
and form definite crystalline compounds with it. Alcohol will unite with 
many salts, and take the place apparently of the water of crystallization. 

What amounts of alcohol yielded by different substances ? How 
much alcohol does first proof contain? How much common alcohol? 
How much COj produced ? 
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Aleohd is Tendered nearly or quite odorkss, by pushing the Fpinl« 
through ft lube filled with charcoal Jind by putliiig the chJircioMl into 
tUe Btlll wjt>i the aleoliol in itg distillation. This is called deodarktd 
akohfil^ an*! is used by perfumers. Akohol is also purified by diatillicg 
it with eiaaganiite of poTft:^h. It dej^troys the fusil oil, and rend^ra the 
aleohol pytre. 

{I «j3*if. ) Various espcdienta havo been deTised for determining the 
amount of pure alcohol m any alcoholic solution. The Yaiyingf specific 
gmrity is the fact most comraontj employed for !hi3 purpose* The 
Bpedfic gravity of water is 1.00. The Bpceific gravity of pure akohoi 
18 TtlSti; then every term, that can be formed betWL^en 1 and 0.7938* 
will cxpre&B a oeitaiu per cent, of alcohol- When the specific gravity 
ia 0^9184 tlie per cent, of alcohol is 60, that; is, half alcohol and half 
water. This ia determitied by experiment, not by taking the arithme- 
tical mean between 1 and 0.7938, for that da*js not express the per cent* 
Tiie arithmetical mean is 8909, and this expresses about 00 per cent 
For & table* showing the quantity of absolute alcohol (Ci.lIjO.HO) 
contained in diluted alcohol of diiferent specific gravities, see end of 
the book. 

If the temperature i3 above or beloir 60° it must be brought to that 
point, by warming or cooling as Vhe ease demands, or correction must 
be made from tables. 

Alcohol meters are instruments constructed especially for the purpose 
I f^ ^^ deterniimng the amount of alcohol in any solution with 

I I n TTttter. The most approved is thnt of Gay-Lussao. It carssists 

I -^ wo of an ordinary hydrometer lube graduated from notbiiig ((I), 

I at the base of the stem, to lOO at its top. The tube plfioeil In 

^^H pure water at GO^* stands at li, in pure alcohol at 100, Then 

^^K hy mixing water and alcohol in every proportion from 1 to 

^^» 100, and immersing the tube in it, and marking the point nt 

T which the surface of the liquid stands, we have an insttumeiit 

fc - D for determining the amount of alcohol, by volume, in any pro- 

^^L J ^ porEion with water. 

^^r V:J If the (Emperature of the mixture ia above or below 60", the 

^^ ^*^ result would be vitiated. This must be corrected by trtbles^* or 
the following simple fonnula, given by Frauncoaur, will answer every 
purpose. Let j = the required per cent, of alcohol, d =^ the number 
read from the scale, t, — the number of degrees that the temperaluro 
differs from lo° Cent., 0.4 a constant diHercnco of F. Then a- =; #/ :t 
0.4 X i- [Suppose the per cent, is, as read from the scale, 70, and the 
temperature 2^° Cent., then wo shonhl have jt t^ 7{} ^ OA y^ W =z 00% 
the per CL^t, of alcohol in the mixture. If the temperature ia lc?s thaa 
15^ Cent, then the product of 0.4 into the difference in ton iptr a lure from 
16** muat be added. 

The processes rtbove given will not be correct » if the soliuion conlmnB 
any other anhstanoe that can alter the specifip gravity, us auy salt, acid, 
sugar, re.^in, So* Henc0 (hey would not give the correct results in 
wines, beer, &c. 

Conasy haf? cons true led an instrument called an ehuUhropf^ which is 
founded on the fact, that alcohol wiH boil at the satne l^Miiperaturei even 



I 

I 
I 



f J 639.) How is tho amount of alcohol determined? 
Lnm^o*s nkoholmetcr ! What is ibe eVHd\\*e<^^t 
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with impurities, such as would alter its specific gravity. It consists of 
a thermometer, and graduated in the following manner. It is immersed 
in pure boiling water, and that is marked zero (0). It is then immersed 
in boiling alcohol, and this is marked 100. Immerse it in a boiling 
solution of 5 parts of alcohol and 95 of water, and that is marked 5, and 
80 on ; the number on the scale denotes the per cent, of alcohol. It 
must be immersed as soon as the liquid boils, as the alcohol will cvapo- 
rate faster than the water, and the relative proportions will beconstaiitly 
changing. Silbcrmann has constructed one, on the fact of the groat er 
expansibility of alcohol than water. One can readily conceive how this 
may be done. 

There are various other instruments used, especially those of Baum6 
and Cartier, but they need tables to accompany them. 

Perhaps the best mode of determining the amount of alcohol in mixed 
liquors, is to distil off the alcohol, and then determine the amount of 
alcohol by its specific gravity, or by the alcoholometer. It is less liable 
to error, and we always adopt it. 

(J 640.) The amount of alcohol in ordinary distilled liquors is ex- 
pressed by firsts second, thirds and fourth proof spirits. First proof is 
equal parts of water and alcohol, second is 52} per cent, of alcohol, 
"third is 55}, fourth 58 per cent, of alcohol. These are arbitrary, and 
different in different states and different countries. 

The amount of alcohol in some of our common drinks is in the follow- 
ing list : — 



Small beer. 


1 to 3 


Madeira wine, 


23 


Porter, 


4 to 6 


Port wine, 


26 


Lager beer, 


6 


Blackberry wine. 


12 to 18 


Scotch ale. 


5 to 8 


Rum, 


59.8 


Cider, 


4 to 9 


Gin, 


57 


Champagne, 


6 to 12 


Whiskey, 


60.5 



The last three are of the highest strength. As sold at retail, the alcohol 
seldom goes above 42 per cent. We have never analyzed a specimen 
that went above 45 per cent. 

(§ 641.) Uses of alcohol, and its various combina- 
tions. Alcohol itself, in its ordinary state, is used as 
one of the most powerful antiseptics. It enables the 
naturalist to preserve any animal in a fresh state for an 
unlimited time. It is used as a solvent for medicinal 
agents that could not be dissolved otherwise, such as 
camphor, and the resins, and gum resins, which are often 
soluble in it, and for varnishes, gum lac, mastic, sanda- 
rach, turpentine, &c. 

On wLat principle constructed ? What is Silbermann's ? What is the 
best mode ? 

(\ 640.) How is the amount ot alcohol in ordinary liquors expressed? 
What is first proof? Second ? Third ? Fourth ? What is the amount 
of alcohol in some common drinks ? 

(2 641.) What are the uses of alcohol? 
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Its various combinations, forming the multitude of alco- 
holic drinks, give it an importance to the human race 
that can be claimed by no other besides bread and meat. 
If its importance in this relation, like them, was for 
good, it would be well. But of all the ills with which 
man is afflicted, there is none that can equal that inflicted 
by alcohol. The suffering and ruin that have been caused 
by it are perfectly beyond calculation. Its excessive 
use, in any of its multitudinous forms, turns man into a 
brute, takes from his heart every human sympathy, and 
plants in its place the worst passions of our nature. 
Under its influence he can trample on every interest of 
a once-loved family. He can murder the wife of his 
bosom. He can be deaf to the entreaties of his own 
offspring, and, brutalized by the burning curse, send the 
pleading child to eternity by his murderous hand. 

Rui7i is the legitimate result of its continued and ex- 
cessive use. Nevertheless we have no doubt that it can 
be used, and rightly used. One of the great uses of food 
is to afford heat, and when ordinary food is taken, it must 
be digested before it can furnish heat. Now, when the 
digestive powers are enfeebled by sickness or old age, 
alcohol, in some of its forms of wine, beer, or brandy, may 
in this respect supply the place of food in yielding heat, 
as alcoliol does not undergo digestion. It burns at once, 
or it makes direct impression on the nerves. It affords 
heat with no effort on the part of the vital powers, which 
ordinary food will not do. In these respects alcoholic 
liquors might be used beneficially; and for which they 
were intended by the Creator ; and such use is sanctioned 
by the Bible. 

Drunkenness is produced by alcoholic drinks, by 
overloading the blood with carbonic acid. When alco- 
hol is taken into the system it goes to all parts, and 
is supposed to be burned up by the oxygen carried 
from the lungs, to burn ordinary food. The production 
of this carbonic acid raises the temperature, produces 
uncommon excitement in the system, which is the plea- 
surable period of intoxication. All drink to produce 

What of it3 entering into drinka? llow is dninkenness produced? 
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this period. But this excess of carbonic acid is carried 
to the lungs, and cannot all be thrown oft' at once, and 
a portion of it is returned to the system in the arterial 
blood. If the quantity is small, a head-ache, a few 
hours of languor is all that results, but if the quantity 
is greater, insensibility, " dead drunk" is the result, and 
hours and days of suffering succeed. Now, when alco- 
holic drinks are demanded no such results follow; the 
system is demanding fuel, and there is not as much car- 
bonic acid formed as the lungs can throw off; then, by 
taking a sufficient quantity, the system is raised in tone, 
warmed up, the lungs throw off all the carbonic acid, 
and no head-ache or languor succeeds. Thus used, alco- 
holic drinks would be a blessing, and deserve the title 
they long since received, '^ the milk of oM age." 

From experiments, more recently instituted, it is 
thought that alcohol takes no part in the organic changes 
of the system, but acts directly on the nervous centres. 
That it is not changed in the system, but is eliminated, 
unchanged, by the lungs, the skin, and the kidneys. It 
is found unchanged in the muscular and cellular tissues, 
especially in the brain. Its results are the same as indi- 
cated, whatever physiological explanation we may give 
of its action. 

Alcohols not Vinic. 

(J 642.) The foUowing bodies are analogous to common alcohol, and 
form a series that demand a little notice. 

The most simple and most important of this series is methylic alcohol^ 
icood spirit J C2H30,HO, that is, it is tlie hydrated oxide of methyle, as 
common alcohol is the hydrated oxide of cthyle, C^Hs, being methyle. 

There is a series of compounds with methyle, corresponding to the 
series of ethers with ethyle. Some of them form agreeable odors, and 
are used in the arts. Salicylate of methyle is the oil of wintergreen. 
Methylic alcohol, C2H30,H0. 
Vinic alcohol, common alcohol, C^n^OjUO. 
Propylic alcohol, C6H70,H0, 
Butylic alcohol, CsHgCHO. 
Amylic alcohol, fusel oil, CioHiiO,HO. 
Caprylic alcohol, Ci6Hit0,H0. 
Citric alcohol, C32H830,H0. 
Melissic alcohol, C6oH6iO,HO. 
There is a series of ethers corresponding to the above alcohols, like 

What other idea in regard to it ? 

(2 642 ) What are some of tho alcoUoVa hqV '^Vtu^*! 

2^ X 
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the scries formed from common alcohol, by toking away one atom of 
water from each. 

There is a remarkable relation existing botw een the composition of 
the9C alcohols and their boiling-points. If we commence with common 
alcohol, which boils at 173° F., we find the other alcohols made l)y 
adding CiHi to the formula for common alcohol. Now for every time 
CjIIf is added the alcohol boils at 82° higher. Thus if common alcohol, 
C4»60,1I0, boils at 173°, amylio alcohol, CioHnO,HO, which has CiH, 
added three times, will boil at 173"* + 3 X 32 = 269°, which is the 
boiling-point of fusel oil. The same is true of the homologous series 
of ethers; for the additions of every increment, of C2H2, 32° more of 
heat is required to boil it. 

Ether. Sp. gr. .725. C4H5O = Ethyl, C4H5O, or 
Oxide of Ethyl. 

(§ 6-43.) Alcoliol, as before shown, is the hydrated 
oxide of ethyle. Take away the atom of water, and we 
have the oxide of ethyle, which is ether ; commonly, 
though improperly, called sulphuric ether. 

(§ 644.) Preparation. Put 1 part of strong alcohol 
into a retort, and pour upon it 1 part of common sul- 
phuric acid, apply heat till ebullition commences, and 
with the beak of the retort in a cold receiver a very 
mobile fluid is distilled over, which is sulphuric ether. 
Care should be taken to have no flame approach the ap- 
paratus during the distillation. 

The sulphuric acid unites with the atom of wate.-: in 
the alcohol, and the oxide of ethyle distils over. 

That is the result, but the coincident changes are very 
complicated. 

The production of ether for commercial purposes is 
prepared by placing several pounds of sulphuric acid in 
a retort with the same quantity of alcohol, and then, as 
the ether distils over, the same quantity of alcohol trickles 
through a safety-tube into the retort. Thus a small quan- 
tity of sulphuric acid converts an unlimited quantity of 
pure alcohol into ether. 

(§ 615.) Properties. Pure ether is very volatile, hav- 
ing a pungent, cooling taste, and a penetrating, agreeable 

In what relation are the boiling points of this scries ? 
( j C43.) What is alcohol ? What is ether? 
f J 614.) How is cthop prepared ? How for commcinal purposes ? 
(I 646.) Whnt aw «t8 properties! 
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odor. It is very combustible, and its vapor will form 
dangerous explosive mixtures with the air. It dissolves 
the fats, which gives it great importance in organic 
analysis, and also the essential oils, resins, some organic 
acids, and some organic bases. It also dissolves India 
rubber. From its effects on the human system, it is ex- 
tensively used as an anaesthetic (that is, a substance that 
destroys feeling). When breathed it produces immediate 
insensibility, and during this state the most painful sur- 
gical operations are performed on the unconscious sub- 
ject. When breathed it should be mixed with air, else 
suffocation would ensue. Boils at 95°. Produces cold 
by evaporation. Hoffman's anodyne is 1 part of ether, 
3 of alcohol. Burns with much flame, from excess of 
carbon. 

Ether is a base, and forms a large class of compounds 
with acids; only one or two of which, however, are of 
any practical importance. Nitrous ether, or, chemically 
expressed, the nitrite of ethyle, = C4H5O + NO3, which 
is the oxide of ethyle with nitrous acid. This substance, 
mingled with alcohol and water, constitutes the sweet 
spirits of nitre of the apothecary shops. It is prepared 
by mingling alcohol, 12 parts, with nitric acid 1 part, 
in a retort, and distilling over f the amount of alcohol 
used. 

It is used in medicine as one of the most valuable 
medicinal agents in fevers, being a most excellent diapho- 
retic, is agreeable to the stomach, and acts as a most 
grateful stimulant. It should be obtained fresh, as it is 
decomposed by standing, and is reduced to alcohol and 
acetic acid. 

(§ 646.) Butyric ether. This substance is readily 
formed by the action of butyric acid on alcohol, in the 
presence of sulphuric acid. It has the odor of pine- 
apples, and a small quantity, in pure spirits, gives them 
the odor of rum, and is used extensively in converting 
whiskey into rum. 

For what used ? What, effect when breathed ? What is sweet spirits 
of nitre ? For ^hat used ? 
(§ 646.) How is butjric ether formed*! ¥ot 'w'>\a\. \JLa«i^*l 



I 
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(2 0-17.) SulphoTinic acid. When concentrated sulpburic acid is 
mingled with absolute alcohol, considerable heat is produced. Vhen 
the solution becomes cold, dilute it, and neutralize the SO3 by carbon&te 
of baryta, which precipitates as sulphate of baryta; the liquid solution 
thou holds in solution a salt of baryta — the suipkocinate 0/ baryta. The 
acid of this salt is expressed: aSOsCiIIiO -f HO, and is called w/pAo- 
ri/fic rtcid. It is the bisulphato of the oxide of ethyle. The baryU salt 
uiuy be decomposed by sulphuric acid, and the sulphoTinic acid be left 
ill solution. The sulphovinates, of which there is a regular series, are 
w curly all soluble ; have a pearly aspect in crystals ; destroyed by dis- 
lilhition, producing water and carbonic acid, olefiantgas, and sulphur- 
ous acid. 

The RulphoTinic acid is a type of a scries of acids distinguished by 
the unmc of vinic acids. 

[I ri48.) Ethers. The action of the same acids, by a given tempera- 
ture, produces another series of bodies, that are neutral to the acid test— 
rtlt^rf, if the acid is monobatie. If the acid is bibasio it will produce 
two others, one neutral the other acid. If the acid is tribasic, as tbo 
phosphoric and citric, there are three distinct ethers, one neutral and 
two uoid. 

A table of these ethers is all that our space permits. 

(Whrohj/drie ethfTj chloride of ethyle, C4H5CI. 

The chlorine in this compound will give no test to the nitrate of siltc'* 
Dissolves sulphur, phosphorus, fixed and volatile oils. * 

There are three scries of ethers: 1st, with hydracids; 2d, vi"* 
oxacids ; 8d, with organic acids. 

Ethers with Hydbacids. 

Jiromohjfdric ether, bromide of ethyle^ C^HsBr. 

lodhydric ether, iodide of ethyle, C4H5I. 

Cyanhydric ether, cyanide of ethyle, CillsCy. 

^ufphydric ether, sulphide of ethyle, C4H5S. 
Svilidiydrio ether will unite with sulphydric acid, forming the sub- 
s!«n\'o known as merctiptan, C4il6S,HS; its name being derived from the 
\ Aim. 'Ni''*i"t*riMm diptuns, from its energetic action on the red oxide of 
mowury. A series of mercaptides are formed, by the action of the 
vv.vlos of some of the metals on mercaptans, the metal taking the place 
of I ho U in iho suljdiydric acid, thus C4H6S,MS. The oxygen of some 
01' lUo aloohols may be replaced by sdlphur, forming various series of 
n\o\oAj^;HUs auvl mercaptides. 

Etuehs with Oxacids. 

A« ••*> .».;.'. Ki.'\:/ 0/ ethyle, CiH40,NOs. When dissolved in alcohol 
tVv>«xH ^wxvt s^nrits of nitre. 

N X . t^ '\ H^:-^t:^ o/* fMv.V, CJIjO,N06. 



^^K^\' ^ IK^^\ i^ >inli»hoviuio aoid prepared ? What series is it a typo of? 
^ j v^s ^ Wli'U oil>ov xovios is pi\>duced? If the acid is monobasic? 
/</',« 4^ I ( M hjbivio* \t' lv\l»^#iv»t What is meroaptan? 
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Phosphate of ethyle, CiHsCPOs + 2H0. There are two other phos- 
phates of ethyle in which two and three atoms of ethyle are combined. 

Formic ether, CiHsCCaOsH. This composition is identical with acetate 
of methyle, a body exceedingly unlike formic ether. A most remark- 
able case of isomerism. 

Ethers with Organic Acids. 

A series of ethers is formed by acetic acid and its homologous acids, 
by dissolving each in concentrated alcohol, and passing through the 
solution a current of dry chlorohydric acid ; the ether separates as an 
oily liquid, floating on the solution. 

Acetic ether, acetate of ethyle, C4H60,C4H303, isomeric with butyric acid. 

Butyric ether, butyrate of ethyle, C^HjOjCsHiOj. 

Valerianic ether, C4H50,CioH90j. 

Caproic ether, C4H60,Ci2Hn03. 

Enanthylic ether, C4H50,C44Hi30,. 

Caprylic ether, C4U50,Ci6Hi503. 

Pelargonic ether, C4H60,Ci8lIn08. 

Caprie ether, C4H50,C2oHi903. 

Ethalic ether, C4H50,C32H3i08. 

3targaric ether ^ C4H50,C34H330s. 

Stearic ether, C4H&0,C36U350j. 

(§ 649.) Nature of the ethers. The real condition 
of the elements in the ethers and alcohols has been 
largely discussed by the most eminent chemists. One 
class consider, olefiant gas C4H4, elayle, as the base, or 
radical, and ether C4H4,HO as the hydrate of that radi- 
cal, and alcohol as the bihydrate, C4H4 + 2H0. This 
was the opinion of Chevreul. Liebig considers C4H5 as 
the radical, under the name of ethyle, and ether is the 
oxide of ethyle, C4H5O + HO. This is the view we 
have adopted, and carried out in our illustrations. 

Regnault proposed to consider the radical C4H6, and 
then substituting oxygen we had common ether, and by 
substituting chlorine we had chlorohydric ether, and so 
on. Gerhardt considered the ethers as analogous to 
amides, and by simply fixing 2 atoms of water with the 
proper elements, all the ethers were produced. Liebig's 
hypothesis we esteem the most simple, making ether a 
base, and acting like common ammonia, or potash, or 
any other oxide of a metal. 

(§ 649.) What is Chevreul'^ opinion in regard to the nature of ethers ? 
WhatLiebig's? What Regnault's? What Gerhardt's? Which is the 
most simple ? 
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Acetate or Amtle. CioHjAC^HaOs. Pear Oil 

. ^ IV .«'».» This substance is prepared by digesting aw 
fl'-^V'/. rv.v/o7. with coQcentrated acetic acid, or with ace- 
ia:o o:* j-.:ash and sulphuric acid. Take 1 part of fusel 
o:'. 2 j^aris c-f acetate of potash, and 1 part of sulphuric 
aoil. By distillation a light volatile liquid is produced, 
w-:h a strouir, agreeable odor, which, when diluted with 
aK^^^hol. priHiuces the odor of ripe jargonelle pears. Sold 
in the siiops ;V5 pear oil, for flavoring liquors or pastry. 

Valeriaxate of Amtle. CioHuOjCioHgOj. Appk Oil 

1 5 6r>l.^ By distilling a mixture of amylio alcohol, 
fusol oil, sulphuric acid, and bichromate of potash, a part 
of the fusel oil is oxygenized and converted into valerianic 
aoi 1 : this uniting with the oxide of amyle forms the 
valori:\nate of amyle. This being lighter than the other 
distillates, is easily separated, washed with water, then 
with a weak solution of carbonate of potash, and dried 
wiih chloride of calcium and redistilled, and the distil- 
late that comes over at 270 is the pure valerianate of 
a::!yio: mixed with 8 -to 10 times its volume of alcohol 
forms a/'jih oiL It is used in all cases when the flavor 
of apples is desired. 

IkTYRic Ether. 04X150,0511703. Oil of Pine-apples, 

\Ji 002.) This ether is prepared by distilling, at a tem- 
perature above 230^, 1 part of SO3, and 2 parts of butyric 
aoid. and 2 of alcohol. The upper layer of the distillate 
is the butyric ether, which being washed with water, and 
driod by chloride of calcium and redistilled, is the pure 
iiutorial, which, dissolved in 8 to 10 parts of alcohol, 
gives oil of pine-apples, used in converting inodorous 
whiskey into rum. The caprate of ethyle gives a simi- 
lar ()dor, and is prepared in a similar manner, by substi- 
tuting capric acid for butyric. 



(? t>5i).) How is acetate of amyle prepared ? What of its odor? For 
what used t 

( 5 (W)! .) How is the Talerianato of amyle ? Fop what used ? 
{i 952.) How is butyric ether prepared? For what used? 
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Pel ARGONic Ether, (ENANTnic Ether. C4H5O, CisHiyO.. 
Quince Essence, 

(§ 653.) Pelargonio ether is prepared by digesting 
pelargonic acid with alcohol, and passing through the 
solution chlorohydric acid gas to saturation, washing the 
floating ether with water, and drying it by chloride of 
calcium. This also is used as a flavoring substance. 

Many of the ethers have peculiar and agreeable odors, 
and may yet supply to the culinary art, as well as to the 
perfumer, many valuable products. 

Acetate of eihyle has an agreeable odor. 

Capronaie of ethyle has also a peculiar and agreeable 
odor. 

Propionate of ethyle also has a fruity odor. 

Formate of ethyle has a sweet, agreeable odor. 

Aldehydes. 

(§ 654.) Between the alcohols and the acids there is a 
series of compounds called aldehydes. They are like the 
alcohols in constitution, with the exception that they 
contain two atoms less of H than the alcohols. The 
vinic aldehyde is expressed by C4H3O + HO. It might 
be considered the liydrated oxide of acetyle. 

Alcohol, C4H5O + HO ; aldehyde, or dehydrogenized 
alcohol, C4H3O + HO ; acetyle, C4H3. 

(§, 655.) Vinic aldehyde. C^HgO + HO. This body 
was ' discovered by Doebereiner, but was first obtained 
in a state of purity by Liebig. Its name indicates the 
idea of its elaborator, as to its constitution, alcohol dehy- 
drated. 

Preparation. It is readily obtained by any compara- 
tively-feeble oxidizing agents on alcohol ; such as chro- 
mic acid, solution of chlorine, solution of sulphuric acid, 
and peroxide of manganese. The flameless lamp also 

(§ Oo3.) What is pelargonic etlier? For what used? What of other 
ethers ? 

(2 654.) What are aldehydes? How may vinic aldehydes be consi- 
dered ? How illustrated ? 

(2 656.) When was vinic aldehyde discovered? What does its name 
indicate ? How prepared ? 
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produces it, when the vapor of aJcohol and ether w 
partly burned. 

Properties. A colorless liquid, very mobile, suffo- 
cating odor, neutral, soluble in water, alcohol, and ether. 

Butyric aldehyde, C^HyO 4- HO. 

Valerianic aldehyde, C10H9O + HO. 

(Enanthylic aldehyde, CuHi.,0 + HO. 

Caproic or rutic aldehyde, C20H19O + HO. 

There are aldehydes not corresponding with the above, 
but to the acids which form the base, but they are not of 
sufficient imix)rtance to demand our attention. 

Organic Acids. 

Acids derived from Alcohols hij Oxidation, 

(§ 656.) To each alcohol corresponds a particular acid, 
having 2 atoms less of hydrogen and 2 atoms more of 
oxygen than the alcohol has, from which it is derived. 
The usual method of preparing these acids is by expos- 
ing the alcohol to the air, with yeast, mingled with the 
alcohol, or by passing the vapor of alcohol with air over 
platinum black. By either of these processes 2 atopas 
of the hydrogen are burned out, and their place supplied 
by 2 atoms of oxygen. Thus common alcohol is G^fi 
+ H0. 

Acetic acid, Vinegar, is C4H3O3 + HO. The alcohol 
having lost 2 atoms of H and gained 2 of O. 

Acids formed from corresponding alcohols, by taking away 2 atoms 
of H and supplying 2 atoms of : — 

Formic acid (from methylic alcohol), C2HO3 -|- HO. 

Acetic acid (from common alcohol), CiHsOa -j- HO. 

Propionic acid, CeHsOs -\- IIO. 

Butyric acid, CsIItOs + HO. 

Valerianic acid, C10H9O3 + HO. • 

Caproic acid, CioHiiOa + HO. 

(Enanthylic acid, CuHiaOa + HO. 

Caprylic acid, C16H15O3 + HO. 

Tclargonic acid, CisHnOa + HO. 



What arc its properties? 

(J 666.) What corresponds to each alcohol ? How related to the alco- 
hol? What is the usual method of preparing these acids? How does 
it accompVmh it? How illustrated by alcohol and acetic acid? 
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Capric acid or rutic acid, CmHisOs + HO. 
Ethalic acid or palmitic acid, CsaHjiOs + HO. 
Margaric acid, C34H32O3 + HO. 
Stearic acid, CseHsaOa + HO. 

(§ 657.) Formic acid, acid of ants. CHOa + HO. 

Although in theory the acids of this group may be ob- 
tained by oxidation of the alcohols, yet in practice this 
course is seldom adopted. 

Formic acid is from methylic alcohol, CgH^O + HO. 
Take away 2 atoms of H, and add 2 of 0, and we have 
O2HO3 + HO, formic acid. 

Preparation. . Formic acid is prepared by the action 
of sulphuri(3 acid and peroxide of manganese, or bichro- 
mate of potash, on sugar, gum, starch, citric or tartaric 
acids. 

Properties. A colorless liquid, with a penetrating 
odor, like that of a species of ants, Formica rufa, red 
ant, when irritated. Very corrosive, blisters the skin 
when applied to it. It is the poison of the stinging 
nettle. 

(§ 658.) Acetic acid. C4H3O3 + HO. Vinegar, If 
alcohol is exposed to the air, and yeast is present, it 
undergoes another change. The oxygen of the air 
unites with 2 atoms of the hydrogen, reducing the 
ethyle to acetyle, C4H3, and adding 2 atoms of oxygen 
(C4H3)03, which gives the tritoxide of acetyle, which, 
with 1 atom of water, is a strong acid, commonly called 
acetic acid. The conditions for the production of acetic 
acid are free exposure to the air, a sufficient temperature, 
and some substance acting as a ferment. These condi- 
tions are commonly fulfilled by exposing the juice of 
fruits in loosely-stopped vessels for several months. 
The fermentation converts the sugar into alcohol, and 
the continued action of the ferment, with the aid of the 
oxygen of the air, converts the alcohol into acetic acid. 
Any material that will produce alcohol will produce vine- 
gar, and it can be obtained from no other source. 

(I 657.) What is formic acid? IIow prepared? What arc its pro- 
perties? 

(J 658.) What is acetic acid? How prepared? How explained? 
What are the conditions of its y roduction? 
14* 
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The German raethod, as it is called, converts alcohol 
into acetic acid in a few hours. A cask^ a, 
is formed mth two bottoms, one six or 
eight inches above the other, with a row of 
holes through the casL% between the bottoms, 
tlie upper bottom being pierced wtth nume- 
rous holes. The body of the cask is filled 
with beech-chips, steeped in goad vinegar. 
Above the chips, an<l within eight or ten 
inches of the top of the cask, is placed a 
, k rartt flUed with ghclf, plerced witli small holes^ into which 
■t^d^m'*TiD^iir. straws or threads are l^osel^'^ placed, so 
ib,K,i.kiaB.i..t^r. ^j^^^ ^ iiq^-^i poured upon the shelf will 

trickle down upon the shavings. Through this shelf also 
run several j^lass tubes, from above the shavings, extend- 
ing above the top of the cask. A solution^ consisting of 1 
illon of whisk e J, and 3 gallons of Avater, and 1 quart of 
f'yeast, warmed to 70° or 80°, is poured upon the shelf. It 
trickles down u]TOn the shavings^ and in its passage over 
the shavings, under the influence of ferment, is converted 
into good vinegar ; it absorbs the oxygen, which burns 
out 2 atoms of the hydrogen of the ethyle, and leaves 
the acetyle, and produces acetic acid by the combustion. 
Tlfe air is heated in the cask, wluch rises through the 
glass tubes, and fresh air rushes into the cask by the row 
of holes between the bottoms, and by a stop cock in the 
bottom the vinegar is drawn off, 

{§ (>o9.) PuTG acetic acki, at its greatest degree of con- 
centration, is produced by tlie action of concentrated 
sulphinric acid on dry acetate of soda. The fi i-st portions 
being rejected in distilling it, the remainder will crystal- 
lizo, being collected in a cooled receiver. Radical vine* 
gaTf as it is called, is obtained by distdling the acetate 
of copper, 

(§ t>(.tO,) Properties. Pure acetic acid is an intensely 
sour, oolorless liquid, with a pleasant odon It acts on 
the skin, turning it white, and disorganizes it. In the 

Whut is the German njetliod? How explaitifd ! 

U G59*) Huw ia pure acetic prepnrt^d? 

// titiUJ What are its ^iroperties? What Jia action on organic f\xh- 
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form of vinegar it is one of the most important acids. 
It has been known from the remotest antiquity, being 
mentioned in the early books of the Bible. It is' anti- 
septic. 

Its action on organic substances is peculiar. It dis- 
solves albumen, gelatin, and fibrin and crassamentum, 
and coagulates casein ; hence it is not a proper substance 
to preserve meats in, as the best portions of them would 
be dissolved out, and nothing of value remain. The 
tasteless shell-fish, sometimes preserved in vinegar, is 
proof of its unsuitableness for such application. Fruits, 
green ones, especially, are well preserved in vinegar, as 
these materials, in a green state, are preserved in well- 
closed cells, on which the vinegar has no efiect. Taken 
in moderate quantities it is refreshing, allays thirst, dimi- 
nishes preternatural heat, lowers the pulse, and depresses 
the vital powers generally. In fevers it may be used 
with benefit as a drink, 1 oz. to a quart of water. As a 
condiment, with food, it is not injurious, unless taken in 
too large quantities, which the young especially are lia- 
ble to do. It is sometimes taken by young ladies, to 
produce delicacy of appearance, and has led to consump- 
tion and death. 

(§ 661.) There is a species of confervacesey originating 
in the nitrogenous compounds of the juices out of which 
the vinegar is formed, that is produced in vinegar, con- 
stituting a thick mass of numberless globular cells, which 
is called Mother of vinegar. It is a vegetable product, 
and grows at the expense of the vinegar. So far from 
producing vinegar by its growth, it rather lives upon it. 
It is sometimes taken from an old cask of vinegar and 
put into a new one, from the idea that it of itself was 
specially adapted to make vinegar. The vinegar con- 
tained in it, and perhaps its own decomposition, will aid 
in making vinegar ; but a piece of toasted bread, soaked 
in vinegar, would have answered the purpose equally 
well. There is also an animal that lives on vinegar, the 

stances ? How on meats ? How on green fruit ? What effect on the ani 
mal system ? How does it act in fevers ? How does it affect the young ? 
({ 661.) What is mother vinegar? 
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AnguiUula aceti, or vinegar eels. These also are consi- 
dered signs of good vinegar. They are all detrimental 
to the vinegar. Boiling arrests the injury. Vinegar is 
volatile, and is often used as an application to the head, 
in head-ache, with success, from its cooling effect. It is 
also used as an odoriferous substance in bottles, some- 
times simply pure acetic acid and potash, at others with 
volatile oils. Aromatic vinegar is a combination of oils 
of rosemary, cloves, and lavender, together with camphor 
and calamus. A vial is filled ^vith sponge, and the com- 
position dropped upon it. It was called Henry's aro- 
matic vinegar, also Marseilles vinegar. It had a high 
reputation as a prophylactic composition in guarding 
against the plague. 

Freezing will concentrate vinegar. The water will 
freeze, and the vinegar will remain fluid. Casks of weak 
vinegar are exposed to be frozen, and the vinegar drawn 
oflF, while the water is in a frozen state. 

Acetates. 

(§ 662.) Acetate of potash. HO, Ac + 2H0. This 
salt is prepared by neutralizing a solution of acetic acid 
by carbonate of potash. It is a very deliquescent salt, 
neutral in its reaction. It is used in medicine as a dia- 
phoretic. 

(§ 663.) Acetate of iron. FeiOgAc. This salt is pre- 
pared by the double decomposition of sesquisulphate of 
iron and acetate of potash in solution by alcohol, which 
leaves- the sulphate of potash to crystallize, and a solu- 
tion of acetate of iron remains in solution. It may also 
be prepared by the solution of recently-prepared sesqui- 
oxide of iron in acetic acid. It is a medicinal agent, 
used as other preparations of iron. 

(§ 6o4.) Acetate of zinc. ZnOAc. The acetate of 
zmc may be prepared by the double decomposition of 



Is U of any use? What is aromatic vinegar? What effect will freezing 

il n^V ^^°^ ^^ acetate of potash prepared ? For what used? 
(§ 663.) How is acetate of iron prepared ? How used ? 
(§ 664.) How is acetate of iinc prepw^dt lS.<yw wa^d? 
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acetate of lead by the sulphate of zinc. It is soluble in 
water, crystallizable in pearly crystals. Used in medi- 
cine, instead of the sulphate of zinc, in some cases. 

(§ 665.) Acetate of ammonia. Am,Ac. This sub- 
stance is readily prepared by saturating acetic acid with 
ammonia, or its carbonate. It is a mild stimulant, and 
is used as an antidote for drunkenness. It is also a 
diaphoretic. It is called the spirit of mindcrerus. 

(§ 666.) Valerianic acid. CjoHA + HO. It exists 
in the root of the Valeriana officinalis. This acid is pre- 
pared by distilling a mixture of sulphuric acid, amylic 
alcohol, and chromate of potash, with water. The vale- 
rianate of amyle is produced. This is decomposed by 
potash ; add sulphuric acid, and distil off* the valerianic 
acid. 

It is a colorless, oily fluid, strongly acid, with a pun- 
gent odor, sharp, disagreeable taste. Soluble in alcohol, 
ether, and acetic acid, scarcely by water. Decaying 
cheese often owes its odor to valerianic acid. 

(§ 667.) Butyric acid. C.H^Os + HO. It exists in 
cow's milk, in combination with the oxide of glycyl, and 
may be obtained from this source, but from the complex 
condition of the milk the process is tedious. It is more 
easily obtained by the following process : — 

To a solution of sugar is added a small quantity of 
casein, curd, and enough powdered chalk to saturate 
the formed butyric acid. This solution, being kept at a 
temperature of 80° to 90° for several weeks, we find pro- 
duced the butyrate of lime. This is decomposed by 
sulphuric acid, and the butyric acid appears as a clear, 
colorless fluid, with a penetrating odor, like rancid but- 
ter, and with a pungent, acid taste ; soluble in water aiid 
alcohol. 

(§ 668.) Pelargonic acid. CigHiyOg + HO. This acid 

(2 665. J How is the acetate of ammonia prepared? What is it called ? 

(I 666.) Where does valerianic acid exist ? How prepared ? What are 
its properties ? To what does it give its odor ? 

(I 667.) Where does butyric acid exist ? How prepared? What art 
Its properties ? 

(} &QS.) From what was pelargonic acid o\iV.a.mft^1 
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was first obtained from the leaves of the geranium ; but 
is now prepared by the oxidation of the oil of rue by 
nitric acid. Introduce into a large retort, 1 part of oil 
of rue, 2 J parts of nitric acid, and apply heat. The 
action is at first violent, with the elimination of red fumes; 
when these disappear the operation is ended. The acid 
is washed with water, and treated with a solution of 
caustic potash. The potash salt is decomposed by sul- 
phuric acid, which liberates the pelargonic acid, which 
IS washed and redistilled. It is an oily liquid, scarcely 
soluble in water, with a feeble, disagreeable odor. 

The margaric and stearic acids, which belong to this 
series, we notice under Oils, to which they are so closely 
related. 

Acids related to the Aldehydes. 

(§ 669.) To the acids of the formic acid series there 
are related some other acids, but differing from them by 
having more oxygen. 

Oxalic acid, C4H2OS. 

Lactic acid, CsHeOg. 

GlycoUic acid, C4II4O6. 

Succinic acid, C^HeOg. 

Suberic acid, Ci6H,403. 

Sebacic acid, CaoHisOg. 

Lactic Acid. CeHgOa. Acid of Milk, 

History. This acid was first discovered by Scheele, 
in sour milk, and more recently by Berzelius, in the flesh 
of animals recently killed. Braconnot detected it in the 
waste waters of the starch-makers, in the fermented juice 
of the beet, and in cooked peas and beana. Liebig found 
it in great abundance in sauerkraut, pickled cabbages, 
ficcently Strecker has shown its close relation to alde- 
hyde, from which it is derived by the aid of certain reac- 
tions. 



How now prepared? What are its properties? 

{I (UiO.) How do the acids of this group differ ftrom the preceding? 
What is lactic acid? Who first discovered it? In what did Berxelius 
dhcoror it 7 In iv^at Braconnot ? In what Liebig ? Related to whatt 
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(§ 670.) Properties. Pure lactic acid is colorless, in- 
odorous, intensely acid; soluble in alcohol and water, 
scarcely in ether. In its preparation, if abandoned too 
long to the air, it is converted into butyric acid. It dis- 
solves the phosphate of lime (bones), and rickets have 
been attributed to the abnormal production of this acid. 
It displaces acetic acid in acetate of potash by boiling, 
and under favorable circumstances displaces the stronger 
acids. 

(§ 671.) Relations to the animal system. There is 
scarcely any topic that has excited more interest, or 
been more thoroughly discussed by physiological chem- 
ists than the existence and agency of lactic acid in the 
animal system. At one time it is thought to exist in the 
stomach, as an essential portion of the gastric juice, and 
in the saliva, and as being the agent by which the phos- 
phates were carried through the system; at another its 
existence is nearly ignored, and its agency greatly under- 
valued. Much doubt still rests upon the subject, from 
the great difficulty of identifying the material when pre- 
sent, and of its being sometimes present, and probably 
at others absent. 

Lehmann has demonstrated the presence of free lactic 
acid in the gastric juice of men and animals, and also in 
the saliva and alimentary canal, and in the chyle. 

The origin of lactic acid, in the animal system, is un- 
doubtedly due, in most cases, to the breaking up of the 
^ starchy and sugary portions of the food ; these making 
lactic acid by simple division into two equal parts ; but 
that it may be produced by the decomposition of some 
of the nitrogenous compounds has been rendered proba- 
ble, or that it 'may originate from the base of the fats, 
glycerine. 

That lactic acid is an essential constituent of the gas- 
tric juice, is now almost universally admitted. 

( J-670.) What are its properties ? What does it dissolve ? 

(I 671.) What relation to the animal system? What opinions have 
been entertained in regard to it? On what does the difficulty rest? 
What has Lehmann demonstrated ? What is the origin of lactic acid in 
the system? An essential constituent of what? What does it form 
with alkaUne bases ? 
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It forms with the alkaline bases the material of com- 
bustion in producing animal heat. 

Salts of Lactic Acid. 

(i 672.) Lactate of lime, CaOjCsHsOe, crystallizes in white hard 
bodies, which under the microscope are seen to be composed of delicate 
needles. These are characteristic of lactic acid. 

Lactate of zinc. ZnCCtfOeHe- Crystals assume a club shape in 
forming, having curved surfaces, circumstances characteristic of this 
salt. 

Lactate of copper, CuCCeOeHe, crystallizes in hard warty light- 
blue masses, characteristic of the lactate of copper. The above charac- 
teristic salts of lactic acid are the best tests of the presetoce of this acid. 

(? 673.) Lactide. C6H4O4. If we heat lactic acid to 300° it loses 
an atom of water, and becomes CqUsQ^. It may be considered anhy- 
drous lactic acid, but if we raise the heat to near 400° we drive oflf 
anothei atom of water, and it becomes CeHiOi, which crystallizes in 
large rhomboidal tables, colorless and transparent, and insoluble in 
water. This is called lactide. Although the crystals are insoluble in 
water, yet in contact with it they absorb the water, and become first 
anhydrous lactic acid, and then hydrated lactic acid. These crystals 
of lactide are neutral to test-papers. This is a most remarkable ex- 
ample of the conversion of a neutral body by absoption of water into a 
powerful acid: the same as though the oxide of carbon should become 
formic acid. 

Oxalic Acid. C2H3 + HO. Acid of Sorrel 

(§ 674.) This acid gives sourness to common sorrel, 
and much of that taste to the rhubarb, or pie-plant. 

Oxalic acid is readily produced' by the continued action 
of nitric acid on sugar, which yields about 60 per cent, 
of the acid. It is one of the best tests for the presence 
of lime, forming the insoluble oxalate of lime whenever 
that substance is present. Oxalate of ammonia is usually 
preferred. It dissolves the oxide of iron, hence its use 
in removing iron rust or ink stains. It is very poison- 
ous, and has been mistaken for Epsom salts. The best 
antidote in such a case would be chalk, forming the in- 
soluble oxalate of lime. 

The commercial article has three atoms of water, CA 

(g G72.) How docs lactate of zinc crystallize? How lactate of lime? 
How lactate of copper ? 

(g 673. ) What is lactide ? What takes place if crystals of lactide are 
exposed to water ? 

(§674.) What is oxalic acid? How prepared? What properties? 
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-f- 8H0. Heated, it is resolved into CO^ and CO; the 
same results follow its being heated with a large quan- 
tity of SO3. Some have considered oxalic acid a hydra- 
cid of a radical of C^O^, making its formula C.O^II, which 
is equivalent to C2O3 + IIO, and all its relations and reac- 
tions may be explained on that hypothesis. 

Oxalic acid, as found in plants, is often in combina- 
tions with potash, forming the bioxalate of ])otash. It is 
thus in sorrel, rhubarb, &c. In other cases it is in com- 
bination with lime, forming the oxalate of lime. Lichens, 
that grow in calcareous rocks, abound in this material. 
It often forms the oxalate of soda in sea-weeds. 

Oxalic acid forms neutral, basic, and acid salts. 

(J 675.) Oxamides. The oxalate of ammonia, when submitted to 
distillation, gives some interesting products. Besides carbonic acid, 
oxide of carbon, ammonia and cyanogen, and carbonate of ammonia, a 
grayish-white substance is produced, insoluble in water, which Dnmas 
called oxamide. 

It is thus expressed: Cz0j,NH2. It is readily purified by washing 
with water. When pure is white, tasteless, inodorous. Its production 
is readily seen by the following formula — 

C208,NIl8,H0 = 2H0 + C2O2NH2. 

That is, the oxalate of ammonia loses 2 atoms of water, and becomes 
oxamide. 

Under the influence of powerful acids or bases the oxamide will appro- 
priate the two last atoms of water, and become oxalate of ammonia 
again. 

Amides. The oxamide is the type of a class of compounds called 
amides. 

(§ 676.) Oxalate of limey Ca0,C208, is a very important substance 
in physiological chemistry. It exists in large quantities in the vegeta- 
ble kingdom, and in much less quantities in the animal kingdom. 

Properties. It is insoluble in water, and occurs to the unaided 
senses as a white, tasteless, inodorous powder. By the microscope it 
appears in crystals as square octahedrons. It is soluble in the stronger 
mineral acids. The crystals may be seen in rhubarb or lichens. 

Oxalic acid combines with the alkalies in three proportions, all of 
which are soluble in water; but the other salts are generally insoluble. 

The oxalates do not char when heated. 

Oxalate of ammonia is obtained by saturating a solution of oxalic 
acid by carbonate of ammonia. It crystallizes in needles, of a silky 
lustre, effloresces, soluble in water. Used as the best test for lime. 

Has been mistaken for wliat ? Best antidote ? Into what resolved by 
heat ? Where found ? 

(J 675.) What is oxamide? IIow expressed ? Properties? Of what 
is oxamide the type ? 

(J 676.) What is said of oxalate of limel Yxo^^vW^i^l Wwr \'& vww- 
Jate of ammonia obtained ? Test for wUat^. 
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Oxalate of potash. KOj4CiO:i. Sails of gorrel Ettsttttiaf *alts(if lemon. 
thm cottipouQil b manufacture*! by saturating oialic acid with potnah, 

IB used, Q3 well iut the oialie acid, for removing iron ruat^ and ink 
Btalns. 

Tbc oxlile of iron, which mnkes tli« stoin permanent, is mnre or les^ 
Etolnble in o:iailc ncid» forming the oxalate of iron. Ey the agency of 
I lie acid the oiide can be washed out. This salt or osfilic acid is also 
iised hf the manufacturer of boots and shoes for whitening Iea[her„ and 
is algo used for discharging colors in calico printing, 

{I tJTT,) £accinic acid. CJI^Ob* Tliia acid -has been long known, 
havitjg been discovered in the iGth century, as the product of ihe dU- 
tillation of ao^ber* U is found in certain plants, wormwood, poison 
Icttn^Ct 5;c^. in some liirpen Lines; and in fermentations it is supposed 
Ycry frequendy to be produced* With our present knowledge it is of 
little interest. The alkaline E^nceinates are sometimes used as tests for 
the peroxide of irouT forming a brown precipitate. 

{I 079 ) Adiiiic acid* CiaUi/V It is the product of the action of 
niiric acid on a great number of fatty bodies.^ 

The fat is boiled with concentrated nitric acid till the fat is *ill dii- 
Bolved, renewing the NO^ and coUeeting that which distils over. The 
fluid mass on cooling becomes a cryst alii zed solid, which la washed by 
nitric acid, and then water* Boiling it in water, and cooling it, forms 
pure crystal of ad i pic acid, 

PJmiJIc acid* CuHi^Ojj, It h«a similitr relations to fatty bodies, 
I hat the preceding acid has; it la produced by the action of NOa on 
futty bodies, 

{\ (j79.) Salieric acid* CibKjiOb, This acid was first obtained by 
the action of nitric acid on cork ; but is now obtained more readily and 
abundantly by the action of KOj On fatty bodies, especially margario 
acid and stearic acid. 

SeSracic acid^ CsoDiftOg* When fatty bodies, rich in olein, are dis* 
tilled, one of the products is sebacic acid. 

The above acids arc bibasio^ forming two series of Baits. 

The following acids have been classed together, not 
from any very striking characteristic that is common^ 
but from some g&neral resemblances that make them 
more or Jess nearly related: — - 

(I 680.) MaUo aeid. CHA + ^HO. Acido/Appks, 
This acid is extensively diftused in the fruits, especially 
the unripe fruits. It derives its name from its being the 
acid that gives sourness to apples. It is found, with 
other acids, in plums, currants, peara, quinces, cherries^ 

Whatjs oxalate of potash ? How prepared T Used for what 1 

(t ^77.) What i- said of succinic add? What are the alkaline sne- 



cinates used for? 

{| t>78.) What is said of adipie acid? 

{§ ti7B.) Whence was suberic acid firs 
Whence sebacio acid ? 

/i €80.) In what is malic aeid extensiYuly diffused ! In what foiuidt 



I 



What of pbnlUc acid t 
trst obtained f How now obtained t 
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Strawberries. The mountain ash affords it in great 
abundance and purity — the Sorhiis aucnparia. The malate 
of liino is formed, and by the acetate of lead the malate 
of lead is formed, and this is decomposed by hydrosul- 
pliuric acid, and the malic acid left in solution. It is of 
no importance in medicine or the arts. 

(§ 681.) Tannic acid. CigHA + 3H0. Tannic acid 
is found especially in the leaves and bark of certain 
trees, and gives them what is termed an astringent taste. 

Tannic acid is soluble in water and alcohol, gives blue 
or black with the oxides of iron, and renders insoluble 
gelatine. On account of these last two properties it is 
extensively used in the arts. 

It forms, with the peroxide of iron, black ink. A good 
and cheap ink is made in the following manner : — 
Bruised nut-galls 2 lbs., water 6 qts. Boil for 1 hour, 
and strain the liquid, add 1 gallon more of water to the 
nut-galls, and boil one hour, strain this, add it to the first, 
and put into it 9 oz. of powdered copperas, gum arable 
6 oz. The amount of nut-galls may be lessened by 
adding instead pomegranate rinds. A little alcohol 
and oil of cloves will make it keep without moulding. 
The above will give nearly 2 gallons of good black ink, 
and cost but little more than a single bottle of ink. This 
is not at first black, but a pale blue, because it is tannate 
of the protoxide of iron, which is blue; but by expo- 
sure to the air it absorbs oxygen, and is converted into 
the tannate of the peroxide, which is black. For dura- 
bility it is better to be written while it is blue, as it is 
then soluble, and sinks into the paper, but when it is 
black it is insoluble, and the coloring-matter lies more 
upon the surface. 

Tanned leather is colored black by washing the sur- 
face with copperas. So the shoemaker colors the edges 
of the soles of shoes by wetting the edge with a copperas 
solution. So the bookbinder, when he has bound books 

How prepared? 

(2 681.) Where is tannio acid found? Properties? How is a good 
ink produced ? Why is ink that is blue when written with bettor than 
black ? How is leather blackened ? 
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witli uncolored leather, makes the surface of the covers 
marble by sprinkling a solution of copperas on them. A 
most important application of tannic acid is in rendering 
gelatine unaftected by water. The skins of animals are 
mostly gelatine. By subjecting them to an infusion of 
barks that are rich in tannic acid, such as oak, hemlock, 
&c., they arc converted into leather, which becomes im- 
pervious to water, and is but little affected by it, and 
still when dry is pliable, and comparatively soft. 

The materials yielding tannic acid, in large quantities, 
are oak bark; 4 lbs., ought to make lib. of leather; Rhtts 
cotina contains 16 to 20 per cent, of tannin; Catechu con- 
tains 50 per cent. ; Dragon's bhod, from the Pterocarpus 
draco, contains 70 per cent. ; Hemlock bark is largely em- 
ployed in tanning, contains 14 per cent, of tannic acid ; 
Tea contains 15 per cent, of tannic acid, and the injury 
done to tea-dx-inkers is probably often due to the agency 
of this substance. 

(§ 682.) Gallic acid. CuHgOio. This acid is found 
associated with tannic acid, under almost all circum- 
stances in which that acid is found. Tannic acid is con- 
verted into gallic acid, by exposure. Powdered galls, 
wet up, and allowed to stand several days, the tannic 
acid disappears, and a like increase of gallic acid is pro- 
duced. 

It forms black with the sesquioxide of iron, but does 
not affect gelatine. It is used in solutions of silver, for 
dissolving the oxide of silver. 

(§683.) The presence of tannic and gallic acids are 
readily determined by any of the soluble salts of iron, 
by giving the characteristic blue or black color. The 
black streaks below the heads of nails in unpainted fences 
or houses are occasioned by the washing down by the 
rains a minute quantity of oxide of iron, and these 
acids in the wood turn it black. The stains on knives 
or axes, after cutting green chestnut, or oak, are occa- 
sioned by the same means. 



What is tanning leather ? 

il lioo^ jy^""''® '^ ^^^^'? """^ ^^"'^^ ^ For what used ? 
(i 083.) How are tannic and gallic acids tested ? 
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(§684.) Citric acid. CizHAi + SHO. Add of Lemons. 
Tins acid was pointed out by Scheele, in 1781. It gives 
sourness to the lemon, orange, and cranberry, and is mixed 
with malic acid ; it gives sourness to the currant, cherry, 
gooseberry, raspberry, strawberry, and huckleberry. 

It is obtained from lime or lemon juice. The acid is 
neutralized by chalk, forming citrate of lime, which is 
then decomposed by sulphuric acid, forming the sulphate 
of lime, and setting free the citric acid, whicli, being 
evaporated, forms transparent crystals. For any pur- 
poses for which lemon-juice is used, citric acid may be 
used. It may be kept and carried where lemons could 
not be commanded. Its effects on the human system are 
similar to those of acetic acid, and forms to most per- 
sons a most agreeable drink, in sickness as well as in 
health. 

Twenty grains of citric acid crystals and 29 grains 
of bicarbonate of soda, makes a refreshing, effervescing 
draught. 

Citrates. 

Citric acid forms three classes of salts, the sesqui, uni, 
and biacid salts. 

(§ 685.) Citrate of magnesia. This salt is entirely a 
medicinal agent ; and the mode of production is directed 
entirely to form an agreeable soluble compound. 

Six drachms of citric acid, with 100 grains of calcined 
magnesia, are put in a 12-oz. bottle, and filled with 
sweetened water, to suit the taste. Then, with the cork 
ready, and prepared to tie it down, add to the bottle 40 
grains of bicarbonate of potash, and insert the cork im- 
mediately, and tie it down. We have then an effer- 
vescent drink of citrate of magnesia and citrate of pot- 
ash, both medicinal agents, and no better aperient in use, 
and which any one can make. 

It is also obtained by forming it in a comparatively 
dry way, by uniting 100 grains of citric acid dissolved 

(J G84.) Where is citric acid found? IIow obtained? What are its 
uses? 

(2 685.) How is tie citrate of magnesia formed? For what used? 
How in a dry way ? 
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in a few drops of water, by heat, witli 85 grains of cal- 
cined magnesia, by stirring, which will form a hard mass, 
that may be ground and used, and is soluble if the ma- 
terials are properly united. 

(§ 686.) Citrate of iron. There are three citrates of 
iron, but the sesqui citrate, 3Fe203,2Ci, is the one most 
important. A solutioii of citric acid is saturated with 
the sesquioxide of iron, recently precipitated from the 
sesquisulphate. Does not readily crystallize; its solu- 
tion is evaporated at a low temperature to the consist- 
ence of syrup, and then turned on glass, or porcelain 
plates. It is of a beautiful garnet color, not very solu- 
ble in cold water. Used in medicine when the effects of 
iron are demanded. 

The citrate of iron and magnesia is prepared by 
putting the oxide of iron in a solution of citric acid, and 
then adding magnesia to neutralize the acid. It is used 
as a mild preparation of the bases that compose it. 

The ammonio-citrate of iron is prepared by a simi- 
lar process, and is a mild preparation of iron. 

(§ 687.) Tartaric acid. aH^O.o + 2H0. Acul of 
Orapes. Pointed out by Scheele, in 1770. It is found 
abundantly in grapes, and tamarinds, and pine-apple. It 
is also found in the rhubarb and potato. In the form of 
bitartrate of potash it exists in solution in the juice of 
grapes; but when this juice is fermented, and forms 
wine, the wine will aot hold the bitartrate of potash ia 
solution, and it is deposited as a crust on the wine-cask, 
and is called argok, or C7m(k tartar. After being puri- 
iied it is called cream of tartar. 

The preparation of tartaric acid from cream of tartar, 
is the same as citric acid from lemon-juice. First satu- 
rating the acid with lime, then applying sulphuric acid, 
and liberating the tartaric acid. 

It occurs in large crystals, when allowed to crystallize 



(^ 080.) How is the citrate of iron formed ? For wluit used? How is 

the ciirjuc of iron aud niagiiesia formed? How aminoiiio citrate of 

iron ? 

a 037.) )Vherc is tartaric acid found ? How does it become deposited 

oa vrinocnsks? How prevaved'l l*Yo^o.\:V,\<ia'> \\'\\w\, q^ \u uaes^ 
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from a thick solution, but as it occurs in comTnerce it is 
in imperfect crystals resembling white sugar. It is in- 
tensely sour, with a pleasant taste. It is more exten- 
sively used than any organic acid, except acetic acid. It 
IS employed in making all the effervescing powdors. 
Soda powders are 25 grains of tartaric acid in the white 
paper, and 30 grains of the bicarbonate of soda in the 
blue paper. Sddlitz powders consist of 2 drachms of 
tartrate of potash and soda-(Eochelle salts), and 40 grs. 
of bicarbonate of soda in the blue paper, and 35 grs. of 
tartaric acid in the white paper. The contents of these 
papers, dissolved in separate tumblers, each one-third full 
of water, and then poured together, and are drunk while 
effervescing. If the materials are made perfectly dry, and 
kept in well-stopped bottles, they may be mingled, and 
kept together. This is the condition in Tarrant's ape- 
rient, and in the "concreted acidulated alkali," which 
consists of 20 parts of tartaric acid, 27 parts of bicarbo- 
nate of potash, and any quantity of white sugar desired.. 
Each material ground to powder, and then thoroughly 
dried, and put in dry, well-closed bottles. A spoonful 
makes a tumbler of refreshing drink. Ginrjer-heer pow- 
ders are composed of 30 grains of bicarbonate of soda, 
25 grs. of tartaric acid, 5' grs. of ginger, and 1 oz. of 
loaf-sugar. These materials are put into a bottle, and 
water added, and cork tied down immediately, and in 
a few hours you have ginger beer. 

The lemon syrup of the shops is white sugar 1 lb., 
tartaric acid \ of an ounce, boiled with water enough to 
make a syrup, with lemon-peel in it, or 30 drops of the 
essence of lemon. Lemon drops are made in the same 
manner, but evaporated more, so that on cooling the 
syrup will become solid. 

Tartaric acid is extensively used in calico printing, to 
modify tints in colors, and to liberate chlorine when white 
spots are wanted in the fabric. 

What are soda powders ? What are Seidlitz powders ?. When may the 
materials be mingled? Vv'Iiat are ginger-boer powders? What is lemon 
gyrup? Lemon drops? How else used? How may it be artificially 
prepared T 



836 OBGANIC ACIDS. 

Tartaric acid may be produced artificially by the 
action of nitric acid on tbe sugar of milk. 

Oxalic acid, C4O6, is the first product of the assimila- 
tion of carbon in the leaves. By substituting H2 for O2, 
and doubling the equivalents, we have Cgll^O;,, thus pro- 
ducing malic acid. Tartaric acid is derived from the 
malic, by its taking two atoms of 0, which gives CgH40io, 
which is tartaric acid. This shows the close relation of 
these common vegetable acids, and explains the well- 
known phenomenon that unripe fruits contain tartaric 
acid. 

Tartrates. 

{§ 688.) Bitartrate of potash. Oream of Tartar. This 
substance is found in an impure state, lining the casks in 
which wine has fermented. It is then crude tartar. When 
purified it is called cream of tartar. It crystallizes ; is 
not very soluble in water ; insoluble in alcohol. Used 
in medicine. "With one-half its volume of bicarbonate 
of soda makes the best material for raising rolls, batter, 
or bread, except good yeast. Sift the cream of tartar 
with the flour, and dissolve the soda in boiling water. 

(§ 689.) Tartrate of antimony and potash. Tartar 
Emetic. Prepared by digesting equal parts of cream of 
tartar and oxide of antimony. Crystallizes ; soluble in 
water ; decomposed by alkalies, acids, and alkaline car- 
bonates. 

Used in medicine as an emetic, and vesicant, and in 
various other ways. 

(§ 690.) Tartrate of potash and soda. Rochelle Salts. 
This salt is prepared by digesting cream of tartar and 
carbonate of soda. Occurs in large crystals; soluble in 
water ; saline taste. 

Used in making Seidlitz powders. 



What relations of oxalic, malic, and tartaric acids in fruits ? 

(§ G88.) What is the bitartrate of potash ? Where found ? What are 
its properties ? What used for ? 

{I 689.) How is tartrate of antimony prepared? What are its pro- 
perties ? For what used ? 

(I 690. ) How is Rochelle salts prepared ? Its properties ? What is it 
used fjv ? 
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{i 691.) Saccharic and mncic acid». Ci^HgOu + 2H0. Tbeee 
acids are isomeric. The saccharic is produced by the action of nitric 
i.cid on sugar, and mucic acid by the action of the same acid on gum, 
mucilage, or milk of sugar {laetote). Of no special interest, so far as 
we know. 

Meconio acid. C14H4O14. This acid is found in opium. It is ob- 
tained by digesting opium in warm water, saturating the free acid by 
carbonate of lime, and evaporating to the consistence of syrup, then 
adding a concentrated solution of chloride of calcium, and boiling. On 
cooling, the meconate of lime separates, if previously sufficiently con- 
centrated. By the addition of chlorohydric acid, the crystals of me- 
conic acid are produced. It is in the form of white crystalline scalep, 
Bour taste, soluble in 4 parts of boiling water. Produces blood-red 
color with the salts of sesquioxide of iron, a green precipitate with 
ammoniated sulphate of copper. Its relation to morphia gives it most 
of its importance. 

(§ 692.) Qninic or kinic acid. CMH20O20 + 2H0. This acid occurs 
in cinchona bark, and is largely produced in the manufacture of the sul- 
phate of quinine, in the form of quinate of lime, which is easily decom- 
posed by oxalic acid, and the quinic acid held in solution, and by 
evaporation is obtained in crystals. 

The salts of quinic acid are anomalous, and the determination of the 
atomic constitution of the acid is not easy. There are numerous com- 
pounds resulting from the decomposition of quinic acid, but an exami- 
nation of them is more than we can give. 

(§ 693.) Pectic acid. Ci^HgOio. Fruit Jelly. The 
pectinaceous compounds are found in all plants, and in 
all parts of them, where they have been sought. Bra- 
connot found them in the turnip, carrot, beet, peony, all 
bulbs ; in the stalks and leaves of herbaceous plants ; in 
the bark and wood of all trees examined. In all kinds 
of fruits, apples, pears, plums, cucumbers, &c. It has 
been suggested, that it is the form of organizable matter 
or cambium. 

It first appears as a hard insoluble substance, lining 
the cells of green fruit, when it is called pectose. By 
some means, not well understood, as the fruit ripens, it 
becomes converted into a soluble substance, called pectin 
and pectic acid. In this state, if the juice of the fruit is 
boiled, and sugar added, the pectin is wholly converted 
into pectic acid, whicb is rendered insoluble in water, 

(§ 691.) How are saccharic and mucic acids obtained? Where is 
mucic acid found ? Properties ? Tests for it ? 

(^ 092. J Where does quinic acid occur? When produced? 

(I 693 ) Where are the pectinaceous compounds found? Where did 
Braconnot find them ? How does it first appeft.Y*t V?\i«X ci\0\^<i\ '^V'^ 
25 
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and forms jelly. If the boiliDg is continued too long it 
passes into mettipectic add, ^^hicb 13 soluble in water, 
^and will not make jelly. Hence the frequent failure in 
Ithis process. If the fruit is over- ripe, a yery little boiling 
Will produce the metapectic acid, and the j«lly is spoiled. 
Fruit barely ripe is the best for making jelly. The above 
ehanges explain the changes that take place in the ripen- 
ing of fruit. The green fruit is hard from the hard in- 
crustatlon of the cells by pectin, and the cells also mor^i 
or less filled with hard starch grains. As the frait 
ripens the hard lining is dissolved, and by the action of 
the acids convert the bard grains of starch into soluble 
sugar; so that ripe fmit is soft and sweet, instead of 
being, as in its green state^ hard and sour. 

Oils. 

(§ 694,) Oils are divided into volatih and fixed oils. 
The former are produced by dkiiUation, the latter by 
expressian, A volatile oil leaves no stain, a fixed oO 
makes a permanent grease-spot. The fixed oil has, when 
pure, little or no odor or taste. The volatile oil has a 
pungent ta^te and strong odor. They are both inflam- 
mable, and are decomposed below red-heat. 

The fixed oils aro most commonly obtained from the 
seeds of plants, although as in olive oil they are obtain- 
ed from fleshy fruit. The volatile oils are from every 
part of the plant, stem, leaves, flowers, and sometimes 
fruit 

(§ 695.) Mxed oils. The fixed oils are divided into 
two classes ;/a£ oils and drying oils. In discussing fixed 
oils, it will save us space to consider those that com© 
from the animal kingdom, as well as those from the vege- 
table kingdom. This will include not only what are 

tft^cs pUaQ on ripening? What effect hag boUing irith sugur? T^imt 
effect if Uie boiling 19 continued too long ! If the frnit is over-ripe, whnt 
IS hkely ttj huppcn? In what state ia the fruit the hest te moke jelljT 
How in Tiponing fruit ? 

(I G91) How are oiJa divided ? How is eftch ebt&ined? How chartc- 
I Urh&X * From what part of plants usnalJj ohtained f 

If 696.) How are the fired oih divided r Howde all fixed dOs agree T 



I 
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called oils, but fat, lard, tallow, butter, and suet. All of 
them have the same organic base, and are mostly made 
up by variable portions of different organic acids united 
to this base. This base is glyceryle, 

Olyceryh is CeHr ; with O5 + HO it forms the hydrated 
oxide of glyceryle, which is the base of all fixed oils, or 
fats, glycerin. Glycerin is obtained by converting lith- 
arge into plaster, by long boiling with olive oil and 
water, until the organic acids in the oil unite with the 
oxide of lead, and liberate the glycerin, which is dis- 
solved in the water. By evaporating the water we obtain 
a syrupy substance of a decidedly sweet taste, which is 
glycerin. 

(§ 696.) The acids, united with this base, are oleic, 
forming olein; stearic, forming stearin; margaric, form- 
ing margarin. These make up the great mass of fatty 
bodies, and the consistence of the body depends on the 
relative proportion of these salts. Olein is fluid, stearin 
is solid, margarin is intermediate. Olive oil is mostly 
olein, and is fluid. Lard is nearly equal parts of olein 
and stearin, and is a soft solid. Tallow is mostly stearin, 
and is consequently hard. Margarin is found "especially 
in human fat, butter, and olive oil, Ac. 

(§ 697.) Oleic acid. C36H33O3 + HO. When pure, it 
is a colorless, oily fluid. It is produced by making a 
soap of olive or almond oil, and by the action of oxide 
of lead we get the margarate and oleate of lead ; the lat- 
ter alone is soluble in ether. Muriatic acid seizes the 
lead, and the oleic acid is held in solution by the ether. 
By evaporation We obtain the pure oleic acid. It melts 
at 47° ; when it is once melted it does not solidify till it 
is cooled down to 40°, and then does not melt till its tem- 
])erature is raised to 57°. 

(§ 698.) Stearic acid. CgsHeeOs + 2H0. This is tLi 
most abundant and most important of the fatty acids. I- 

What is glyceryle ? What is glycerin ? How is it prepared ? 
(§ 696.) What acids are united to this base, and what are formed? 
• >n what does the consistence of a fatty body depend 1 How illustrated ? 
(3 697. ) What is oleic acid ? How obtained ? What are its properties ? 
({ 698.) What is said of stearic acid? 
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exists in great quantities in beef tallow, snet, and lard. 
It is obtained in great abundance for the manufacture of 
stearin candles, and when well manufactured there is 
no candle superior to them. 

Preparation. Tallow, mixed with one-half its weight 
of sulphuric acid, and heated in water; the sulphuric 
acid unites with the glycerin, and liberates the oleic 
and stearic acids, which are then separated by pressing 
between heated plates. The oleic acid being fluid runs 
out, and the stearic acid remains. It fuses at 167®. Is 
soluble in hot alcohol. 

Stearic acid is a white solid, fuses at 167®, and on 
cooling forms brilliant white needle-like crystals. It 
burns like wax. 

(§ 699.) Margaric acid. C^HaaO^ + HO. This acid 
may be readily formed from stearic acid by the action 
of rfltric acid on it. United with glycerin, it forms the 
solid portion of human fat, and it exists also in olive oil. 
It is a white solid, melts at 140®, soluble in hot alcohol 
and ether. It decomposes the carbonates of the alkalies, 
and forms soaps. 

(§ 700.) The amount of fatty or oily substances con 
taiued in some common articles, is the following : — 

Indian corn 9 to 12 per cent. ; oats 3 ; wheat 2 to 3 ; 
rice 1 ; cocoa-nut 47 ; ground-nut 47 ; flaxseed 22 ; mus- 
tard 36; almonds 46; yolk of eggs 28.75; milk 3; ordi- 
nary meat 14. 

Fats or oils, as articles of food, are used by the animal 
system only as fuel. They are burned up to produce 
animal heat, just as they are in the candle and lamp ; 
altliouoli they are burned in the system to give heat and 
not light. 

The unctuous oils are very liable to become rancid, 
when exposed to the air, by absorbing oxygen and gene- 
rating volatile acids, which give a disagreeable odor and 
taste. It is not the fot or oil that undergoes this change, 



How obtained ? What are its properties ? 

{I 099.) How is margaric acid formed ? What are its properties ? 
(3 700.) What amount of fat in some common articles of food? How 
used by the animal system? What is rancidity? How occasioned » 
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but minute quantities probably of nitrogenized sub- 
stances that remain in them. This rancidity may in a 
great measure be removed by washing them thoroughly 
with the hypochlorite of lime, or soda. 

A small quantity of sulphuric acid will remove these 
impurities of oils or fats, if cautiously used. Too much 
must not be applied, as it will attack the oil itself. 

(§ 701.) Olive oil. This oil is composed of 72 per 
cent, of olein and 28 of margarin. 

In cold weather the margarin crystallizes, and the 
olein may be readily poured offl 

It is obtained from the fruit of the olive — the Olea 
Europea, The fruit is bruised, and then pressed. This 
gives the purest and best oil, and is called virgin oil It 
is of a greenish hue, with very little taste or odor. It is 
the finest salad oil. An inferior oil is obtained by the 
application of heat, and by boiling the bruised fruit in 
water. Provence oils are most highly esteemed. The 
oil from Sicily is inferior, and that from Spain is the 
worst of all. 

It is used in the arts, in the manufacture of soaps, as a 
condiment, and in medicine. 

(§ 702.) When any of these oils or fats are much heated, 
they give off an exceedingly irritating volatile substance 
called acrokin, which is produced by the decomposition 
of glycerin. In the frying of meat it is produced, and 
is indigestible and injurious. 

The oily materials are rather difficult of digestion. 
Beaumont's experiments made them range from three to 
five hours. They are not digested in the stomach, but 
must receive the bile before they are much altered, if 
altered at all. 

In medicine, olive or sweet oil is used as a mild laxa- 
tive; in combination with ammonia as a liniment for 
bums or bruises. To cover inflamed surfaces, and keep 
the skin moist and pliable. Any acid substance received 

How removed? What will remoye these impurities ? 

(J 701 ] Of what is oliye oil composed? From what obtained? How 
obtained f For what used ? 

(J 702.) What is acroline ? Are the oils easily digested? How used 
in medicine ? 
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into the stomach may be modified in its action by taking 
sweet oil, either by combining with it, as the alkalies do, 
or enveloping and protecting the stomach, as in case of 
mineral poisons, especially arsenic, which is inert mingled 
with oil. 

(§ 703.J Lard is, in its ordinary acceptation, the fat 
tliat is obtained from hogs, but all carnivorous animals 
yield a soft fat similar to lard. Ordinary lard yields 
62 per cent, of olein and 38 per cent, of stearin. The 
former constitutes the lard oil of commerce, the latter is 
the base of adamantine candles, and, when decomposed, 
the stearic acid makes the stearin candles. 

(§ 704.) Butter is a very complex substance, consist- 
ing of no less than six acids, forming salts with glycerin. 
The greatest part of it however is composed of two 
salts, the margarate and oleate of glycerin, 98 per cent, 
margarin and olein. Besides these there are butyric, 
caproicy capric, and caprylic acids united with glycerin. 
The last only make about 2 per cent, of butter, yet they 
give it its characteristic qualities. Butyrin gives to 
batter its agreeable odor and flavor. The process occa- 
sioning rancidity in butter, liberates the last three acids, 
which are volatile, and they give to it the disagreeable 
odor and taste. Caproic acid has an odor by itself, like 
sweat, capric, like a goat, caprylic a disagreeable odor ; 
tlie three together give the offensive smell of rancid 
butter. Kancid butter is not only offensive but highly 
injurious in digestion. 

(§ 705.) Tallow. This substance is from herbivorous 
animals, but there are several varieties, yet nearly agree- 
ing in constitution. The term unqualified is applied to 
beef tallow, which has a yellowish color, yields ordinarily 
about 75 per cent, of stearin and 25 of olein. This ratio 
varies with the food of the animal. Mutton tallow is 
winter and harder than the beef usually, containing a 

(J 703. J Wliat is lard ? Its composition ? What is made from it ? 

(I 704.) What is said of butter? What of its composition? What 
gives its characteristic qualities ? What gives rancidity ? 

{I 705.) What is tallow ? The composition of beef tallow ? Wliat of 
mutton tallow? 
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larger portion of stearine. The pure tallow taken from 
the animal is called suet. The tallow from the goat, 
according to Chevreul, contains a peculiar proximate 
element, which he calls hircine, which is hircic acid with 
glyceryle. 

(§ 706.) Neat's-foot oil is obtained from the feet of 
beeves at slaughter-houses. It remains fluid at a low 
temperature, and hence used for making leather pliable. 
Mixed with tallow is used to grease boc-ts when men are 
exposed to snow, cold, and water. It ii the most perma- 
nent oil, not becoming rancid. 

(§ 707.) Train oil, tanner's oil, whale oil. This is 
obtained from the blubber of the whale, dolphins, and 
seals, and used in its impure state it is called train oil, 
and used bj tanners in finishing their leather. When 
purified it is called whale oil, and forms a poor lamp oil, 
and is used extensively in making a black, acrid, dis- 
agreeable-smelling soap, called whale-oil soap. 

(§ 708.) Spermaceti is taken mostly from the skull of 
the whale, Physiter macrocephalus. It is pressed in woollen 
bags, and when this is done in very cold weather in winter, 
the fluid that is pressed out is called winter-strained sperm 
oil. The same material is formed in moderate temperature, 
and called fall-strained; when in hot weather summer- 
strained. The solid spermaceti is melted, washed with a 
weak solution of potash, and formed into candles, making 
the best candles known. This substance is called cetein. 
Adipocirej from adeps, fat, and ccra, wax ; this name was 
first given to a material found in the graves opened in 
the cemetery of the Innocents* in Paris, in 1772, into 
which a greater part of the bodies were converted. 

It is known, now, to be an ammoniacal soap. The 
muscles, nerves, and other nitrogenized compounds being 
converted mostly into ammonia, and this, uniting with 
the fat, formed a hard soap resembling a mixture of fat 
and wax. 

What is bircine? 

(J 706.) From what is neat*s-foot oil obtained ? For what used ? On 
account of wliat properties ? 

n 707. ) What is train oil ? Whence obtained ? For what uaed ? 

(I 708.) From what is spermaceti obtained t \^\i«A. Va VaiV«t-^\x^2a^'fti^ 
ail t For what is spermaceti used ? Wbat \a adV^oCiVcO* 
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It may be formed by confining animal materials in a 
box, Tinder water. 

(§ 709.) Palm oil. Most of the palm oil of commerce 
is derived from the Elais guianensis, a palm of tropical 
Africa, and is becoming an important article of commerce 
in the manufacture of soap and candles. It is obtained 
from the fruit, which like the olive yields it from the 
flesh, which encloses a stone. It is obtained by boiling 
the fruit, and skimming the oil from the top of the water. 
As it occurs in commerce it is a reddish -yellow substance, 
in consistence like butter, with a spicy not disagreeable 
smell, which results from acids, set free by becoming 
rancid. 

It consists of palmitic and oleic acids, free and united 
with glycerine ; the former being used in making can- 
dles, the latter in making soap. 

(§ 710.) Ozonized oils. Oils become ozonized by 
exposure to the direct rays of the sun, after having been 
saturated with oxygen. The administration of such oils 
has been used in medicine, and they are said to diminish 
vascular action. Fatty oils are the ones that have been 
used. 

(§ 711.) Drying oils. There is a class of oils that, 
when exposed to the air, absorb oxygen, and form a hard 
and smooth varnish. These are called drying oils, and 
the property of drying is supposed to depend on the 
peculiar character of the oleic acid. 

(§ 712.) Linseed oil. This is the most important of 
the drying oils. It is obtained from the common flax- 
seed. If the flour of the flaxseed is pressed cold it makes 
the first oil, but the quantity is much less. The flour 
of the flaxseed is warmed, and then subjected to great 
pressure, or the heat of steam is applied while it is being 
pressed, and the oil, and some mucilage, and other fluid 
materials of the seed, are pressed out; about one-fifth the 

(? 709.) Whence most of the palm oil? From what part obtained? 
Properties ? Of what docs it consist ? For what used ? 

(§ 710.^ How do oils become ozonized ? How used ? Effect ? 

(I 711.) What arc drying oils? On what are their drying properties 
supposed to depend ? 

(I 712.) What is linseed oW. Ho^ oUobVti^idt How purified? How 
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weight of seed is oil. To purify it, add a small quantity 
of litharge and acetate of lead, and keep it in a warm 
place, and shake it frequently ; and after several days a 
whitish sediment is produced, which is a combination of 
the impurities with the oxide of lead. The oil will now 
dry much sooner than before. 

Oil thus purified is the linseed oil varnish. Oiled silk 
is made by applying several coats of this varnish to silk. 
Oil cloth is made by applying the same to cotton cloth. 
When the oil is to be used for painting, it is boiled for 
several hours with the same material. This gives it a 
brown color. The efiect of this boiling is to remove all 
the materials, except the oil, that flowed out of the seed 
with the oil. Printer's ink is produced by setting the 
oil on fire, and permitting it to burn till it becomes of a 
viscid character. The flame is then extinguished, by 
excluding the materials from the air, by a cover to the 
vessel. This viscid material, then ground with lamp- 
black, constitutes printer^s ink. 

Linseed oily with various metallic oxides or metallic 
salts, constitute the most of the various paints. The 
color depending on the metallic compound. 

Hemp-seed oil is used for similar purposes for which 
linseed oil is used, and also for making soaps. 

(§ 713.) Castor oil. This oil is manufactured from 
the seed of the Becinus communis^ castor oilplantj Palma 
Christi, which, in its native countries of the East, is a tree 
sometimes 30 or 40 feet high. It has been known from 
the most ancient times. It was probably used by the 
ancient Greeks, Hebrews, and Egyptians. The seeds 
have been found in the tombs of Egypt. 

The seeds themselves are poisonous, containing an acid 
substance that has proved fatal when the seeds have been 
eaten. The pure oil is nearly colorless, with a nauseous 
odor. It is used mostly as a mild medicine, but is used 
to some extent in the arts. It is a drying oil, and is 

is oiled silk made? How oil cloth? IIow is printer's ink made? For 
what is hemp-seed oil used ? 

(§ 713 ) Whence is castor oil obf ai.icd ? How long has it been known ? 
What arc its properties ? 
15 » 
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often used for printer's ink and varnishes. The seeds 
yield about 25 per cent, of oil, which is prepared by 
heating tlie seeds to about the temperature of boiling 
water, and then they are subjected to a powerful pres- 
sure, when the oil and some other materials of the seed 
run out. This is boiled and skimmed, which removes 
all hurtful impurities. 

(§ 714.) Nut oil. Many of the nuts yield oil for vari- 
ous purposes. Some of the finest soaps are made from 
nut oil. They are also used for varnishes and paints. 
Walnut and butternut are the most abundant and com- 
mon. 

Poppy oil is sometimes used as a substitute for the 
salad oil, on the table. It is nearly tasteless, odorless, 
and colorless, and on account of this last property is used 
for transparent varnishes. 

Pumpkin seeds and sunflower seeds afford good oils, 
but the amount supplied from this source is small. The 
sunflower might afford unlimited quantities, if attention 
was turned in that direction. 

Soaps. 

(§ 715.) A soap is the union of one or more of the 
organic acids of fats or oils with an alkaline base. Take 
4 ounce of lard and one-fourth of an ounce of caustic 
soda, and dissolve one-half of the soda in two-thirds of 
the water, and boil the lard in it for one-half hour; then 
add the other half of the soda, dissolved in the remain- 
ing water, and let it boil for a few minutes, and a good 
soap is produced. 

Explanation, The lard consisted of oleic and stearic 
acids united with glyceryle. This compound presented 
to the soda, the acid, rejected the glyceryle, and united 
with the soda, and that is soap. 

This comprehends the whole theory of soap making, 
however many variations there may be in practice. 

For what used ? How prepared ? 

(I 714.) What is said of nut oils? What of poppy oil? What other 
seeds afford oil ? 
(S 715.) What is a soap ? How made? What is the explanation? In 



OILS. 317 

In order to make soap quick, the alkalies mast be 
caustic, that is, not combined with an acid. If potash 
or soda be combined with carbonic acid, as they usually 
are, as they occur in commerce, they should be made 
caustic by quick-lime. Lime should be put in the bot- 
tom of the hopper, when ashes are leached, or lime water 
should be added to the lye. It is the carbonate of pot- 
ash that exists in the ashes, and not caustic potash ; 
which is required to make soap. It is true that by long 
boiling the stearine and oleine will decompose the car- 
bonate of potash, and form soap without lime, but it 
requires a long time, and it is not completely done in 
the end. 

(§ 716.) The decomposition of the organic salts, oleine 
and stearine, will not take place if the lye is too strong. 
Hence the boiling should commence with weak lye, and 
add the stronger afterwards. A good test, whether the 
fat has been all saponified, is to boil a small quantity 
with water, and if there is any fat not decomposed it will 
form a turbid solution. 

The right strength of lye is readily determined by a 
hydrometer, but that cannot be found in every house- 
hold. A fresh egg sinks in lye of the required strength, 
so that a portion of it is left out of the liquid the size of 
a dime. 

(§ 717.) There are two kinds of common soap, hard 
and soft. The hard soap has soda as the base, the soft 
soap hdiS potash. 

In the common process of making soap, the soft soap 
is first made from the lye of common ashes, which con- 
tain the carbonate of potash, and when this is done, salt 
is added, and the soap is converted into hard soap. The 
soap from the lye was the oleate and stearate of pot- 
ash, which is soft soap ; salt is the muriate of soda, and 

what condition should the alkaU be ? How made caustic ? What is the 
state of the potash in the ashes ? 

(J 716.) Can lye be too strong? What will then not take place? 
What test that the fat has not all been made into soap ? What is a test 
of the proper strength of the lye ? 

(§ 7170 What two kinds of soap ? What is hard soap ? What is sof» 
Boap ? What is the common process ? Hoi? exp\a\Tift&*l 
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by double decomposition the muriatic acid unites with 
the potash, forming muriate of potash, and the fat acids 
with the soda, forming soap. 

(§ 718.) There are two kinds of hard soap in common 
use, the white and yellow. The former has the oleic and 
stearic acid alone in its formation; the yellow, a rosin 
soap, has in addition the pinic acid of common rosin in 
it. The white soap is the oleate and stearate of soda, 
the yellow is the oleate, stearate, and pinate of soda. 

Pinic acid will form a soap by itself; but it is soft, 
acrid, and of a bad odor. The mingling with the other 
soaps modifies these properties, making it milder, harder, 
and of a less offensive odor. 

(§ 719.) Soap ordinarily contains a large amount of 
water, sometimes as much as 70 or 80 per cent. This 
water, or a great part of it, may be got rid of by the 
addition of common salt. The chemical principle by 
which this is accomplished is, that the salt takes the 
water from the soap to dissolve itself, and soap is not 
soluble in salt water, so that the salt water runs out. 
Too much salt injures the soap, making it excessively 
hard, and destroying its detergent properties, especially 
if the quantity of water in which it is used is small. 
Secrets are often sold for increasing the quantity of soap. 
They are founded on this principle of soap being solid, 
and yet containing more than half its weight of water. 

Sal-soda, spirits of turpentine, and ammonia are all 
detergent, and are often mingled with soaps. The sal- 
soda is good, and increases greatly the agency of soap iD 
common washing. 

As good and cheap a soap as can be made for ordinary 
purposes is made in the following manner : — 

Take 5 lbs. of washing soda (sal-soda), 3 J lbs. clean 
grease, 5 lbs. of lime, and 3 gallons of soft water. Slake 
the liine, dissolve the soda in the Avater, and stir the two 
together, allowing it to remain over night. In the morn- 



(2 718.) What two kinds of hard soap? IIow do they differ? Why 
not use pinic acid alone to make soap ? 

(§ 719.) How much water does soap sometimes contain? How got 
rid of? How explained ? What effect has too much saU ? What arii- 
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ing pour off the liquid, being very careful not to let any 
particles of lime follow. Put it in an iron vessel, where 
the grease has been previously warmed, boil over the 
fire a few minutes, stirring it during the time. Take it 
off, and in a few hours you will have " cream soap^ 

A good detergent solution for soaking soiled clothes in 
for eight or ten hours before washing, is the following : — . 

Take lime Jib., dissolve it in 1 gall, of water, let it 
settle. 

Sal-soda Jib., in 1 quart of water. Hard soap lib. in 
1 gall, of water. 

Mix the clear lime-water with the other two, and use 
1 quart of the mixture to 10 gallons of water. The use 
of this mixture is a great saving of soap in washing 
clothes. 

(§ 720.) The chemical principle on which all soaps act 
as detergents or cleansing materials is, that in much water 
the soap is partly decomposed, and free alkali is pro- 
duced, which unites with the oily materials, and the or- 
ganic acids are softening and emollient in their nature, 
and allow the offensive materials to be readily removed. 
-All the great varieties of hard toilet soaps and mar- 
bled soaps, are made from white soda soap. The oils or . 
fats nsed are various, as tallow, common lard, cocoa-nut 
oil, palm oil, oil of almonds, nut oils, &c. 

Volatile oils are employed to give them any desired 
odor. 

The soft soaps have potash for the base, and with an 
equally great variety of oils. These soaps always con- 
tain the glycerine contained in the base of the fat, as it 
cannot be separated without decomposing the soap. It 
gives mildness to the soap. They are usually a soft solid 
and are called creams, being made light by pounding in 
a mortar. Naples compound is a potash soap, with olive 
oil, made in Italy, and imported and remanufactured, 
and forms our soft shaving soaps. 

cles are often used to aid the action of soap ? IIow may good hard soap 
be made ? What is a good detergent solution ? 

({ 720.) On what principle does soap cleanse? How are the various 
•caps made ? What is the base of soft soaps? What caUed? Wlwi.l. \a 
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Casiite soap is an olive oil and tallow soap, made in 
Spain, and colored with common copperas, the ontside 
being usually red, from the protoxide of the iron being 
converted into the peroxide, the interior being dark- 
colored by the protoxide. 

Fine sand and starch are often mingled with soaps, to 
modify their properties. 

Common soaps are soluble in water, alcohol, and ether. 
Their consistence is various, modified by the fat or oil 
from which they are produced. Tallow making^the hard- 
est soap in the same class ; drying oils making softer soaps 
than the unctuous oils. 

Transparent soaps are made by dissolving the soap in 
alcohol. The soap must be very dry before solution, 
and kept in a fluid state by a hot- water bath for some 
time. It is not perfectly transparent till it is well dried. 
Three parts of fat will make 5 parts of soda soap, and 
6 or 7 of potash soap with the least quantity of water. 

(§ 721.) The relations of soap to vrater. If the 
water is pure the soap dissolves readily and entirely, but 
if the water contains other materials the soap may be 
insoluble, or it may be decomposed. Pure water is soft 
water. Water containing the salts of lime or magnesia 
is called hard water. The carbonate of lime is the most 
common, and is partly remedied by boiling. The sul- 
phate is very common, and can only be made soft by an 
alkaline substance, as potash, soda, or ammonia. The 
lime decomposes the soap, forming a lime soap, which is 
insoluble in water, and forms white flakes in the water, 
which prevents washing. 

Essential Oils. Volatile Oils. 

(§ 722.) Volatile oils are divided into three classes : — 
1st. Those that contain only hydrogen and carbon, as 

Naples compound ? What is Castilo 8oap? What arc often added to 
soaps ? How is the consistence moditied ? IIow are ransparent soaps 
made? 

(§ 721.) What arc the relations of soap to water ? What is soft water? 
What is hard water ? What does it contain ? How does the lime act ? 

(i 722.) What three classes of volatile oils ? How is the first class 
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oil of turpentine, oil of lemons, oil of copavia, &c. E very- 
vegetable contains more or less of this class, called hydro- 
gen oils. 

2d. Those that contain carbon, hydrogen, and oxygen, 
and it includes oil of cinnamon, oil of anise, oil of pep- 
permint, &c., called oxygen oils. 

3d. Those that contain, in addition to the above ele- 
ments, sulphur ; as oil of mustard, oil of horse-radish, 
oil of assafcetida, &c., called sulphur oils. 

The first class of oils are generally the most volatile, 
and are almost always found in connection with the 2d 
class, and are more or less adulterated with one or more 
of them, as we find them in commerce. They have a 
less disposition to unite with water than those of the 2d 
class. In absolute alcohol the volatile oils are very 
soluble, and in ordinary alcohol they are somewhat 
soluble, forming essences. Ether dissolves them abun- 
dantly, and the fat oils mingle with them unlimitedly, 
and they are often adulterated with fixed oils. 

Volatile oils often exist in the plant holding some 
resin in solution, and these compounds are called balsams. 
The true balsam has been restricted to those that con- 
tain benzoin. . Common turpentine, as it runs from the 
tree, is rosin dissolved in spirits of turpentine. DijBferent 
volatile oils are often found in different organs of the 
same plants. The leaves, flowers, and fruit of the orange, 
each has its own peculiar oil. Light and heat are essen 
tial to the production of volatile oils. In flowers the oil 
seems mostly to escape as it is formed, hence the diffi- 
culty of obtaining it in any great quantity usually, 
while in the leaves and stems it is confined in cells. 

Volatile oils are sometimes obtained by pressure, as 
from the peel of the orange, and at other times are ab- 
sorbed by lard. This latter object is accomplished by 
spreading lard on plates, and the expanding buds are stuck 
in it while fresh, and remain for twenty-four hours, and 

formed? What are essences? What do they often hold in solution? 
What is true balsam ? What is common turpentine ? How are differ- 
ent volatile oils found ? How illustrated by the orange ? How is it in 
flowers? How are the oils sometimes obtaliiftdt H.q'w ^^ W^-^ ^\^^- 
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these replaced by others. The most delicate and finest 
odors are obtained in this way. 

Most volatile oils contain an excess of carbon over 
the hydrogen, hence they burn with much smoke, and a 
yellowish flame, as there is not hydrogen enough, the 
combustion of which will heat the carbon to sufficient 
temperature to give a bright light. 

Some have supposed that the oxygen oils are derived 
from the hydrogen oils, as the latter are almost always 
present, and their constitution is the substitution of a 
certain number of atoms of oxygen for the same num- 
ber of hydrogen. Essence of cummin contains two oils, 
one C2oH,4, and the other C20H12O2, the latter formed by 
substituting 2 atoms of oxygen for 2 of hydrogen. 

Uses. One of the most common applications of vola- 
tile oils is in perfumery. As an art it is of the highest 
antiquity. Among the ancients it occupied a higher 
position than in modern times. A Roman noble com- 
pounded a perfume, which has retained its name to the 
present time — Frangapanni. It was composed of every 
known spice, in equal proportions, to which was added 
ground orris-root equal to the whole, and 1 per cent, of 
musk. This was a powder, or sachet. This powder, 
digested in spirits, gives the liquid /ran^apanm. 

Perfumery is the art of collecting and presenting, in a 
convenient form, the numerous volatile and fragrant 
principles scattered throughout nature. The odorous 
particles are of .extreme minuteness. A pod of musk 
has discharged, by calculation, 7,000,000 of particles in 
a day, and yet lost no appreciable part of its weight ; 
and each of these particles must be a complex mole- 
cule. 

We may conveniently class all articles used in this art 
together, although coming from different kingdoms. The 
AN"iMAL perfumes include the musk^ civet, and ambergris. 
These are useful on account of their durability. 

Musk is from the musk deer, from Thibet, Tonquin, 
and China. The Tonquin musk is the best. 

ralljr burn ? Wliy ? What has been supposed ? Why? What uses of 
rolatile oils f What is perfumery *{ 
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Civet is from the civet cat, a misnomer, as it is not a 
cat, but the viverra civetta, inhabiting Northern Africa. 
The animal is raised for the production of the civet. It 
was formerly highly esteemed as a medicine. 

Ambergris is a morbid secretion of the sperm whale, 
found floating on the sea, or thrown up on the coast. 

The floral perfumes are from the rose, orangeflowers 
(neroli), tuberose, violet, jonquil, narcissus, and cassie, from 
the buds of the acacia. The otto of roses is the most im- 
portant of them, coming from the East. The East India 
otto is worth more than $50 per ounce. 

The herbal perfumes are geranium, lavender, rosemary, 
verbena, petit grain, from the leaves of the orange, patch- 
ouly, from an East Indian plant. The most powerful 
perfume from the vegetable kingdom, wintergreen, marjo- 
ram, &c. 

The lemon grass, from the Andropogon schoenanihus, used 
to imitate verbena ; another species aftbrds an oil used 
in scenting soaps. 

Seed perfumes comprise the anise and caraway. 

The balsam and gum perfumes include the balsam of 
Peru, styrax, myrrh, and camphor. 

The fruit perfumes afiford the bitter almonds, tonqidn 
beans, and vanilla. 

The artificial perfumes are such as the chemist pre- 
pares from organic materials. They are not mere imita- 
tions, but the real oils made by art, that nature makes 
in the living being. Many of the oils that enter into 
the composition of perfumes change at a temperature 
but slightly above that of the atmosphere, hence, should 
be extracted by a volatile material, which may then be 
run over at a low temperature, and the perfume left. 
Sulphuret of carbon is such a substance. The flowers 
are steeped in this fluid in close vessels for 10 or 15 
minutes, and this repeated, and then the CS2 is distilled 
off and condensed, and ready for being used again, and 
the perfume is left as a residuum. Perfume has more 
fixedness than essences. It is separated from the mate- 
rials dissolved by the CS., by alcohol, which dissolves 
the perfume, but not the other materials to any injurious 
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extent. The perfume is almost indefinitely diflEusible, with 
but little loss. 

(§ 723.) Pomatums are made by putting flowers into 
pure tallow, melted. The amount of flowers is deter- 
mined by the strength of the odor required. 

Volatile oils are composed of two principles corre- 
sponding to oleine and stearine in fixed oils. They are 
eleojjtine, the fluid one, and stearoptine, the solid one. 
Camphor is nearly pure stearoptine. 

Class 1. — Hydrocarbons. Hydrogen Oils, 

Many of the oils of this class have the formula CjoHig, 
or CjoHs. 

(§ 724.) Spirits of turpentine. Oil of Turpentine. 
CjqH,,:, or C10H3. This is one of the most common and 
useful of the volatile oils. It is obtained by distilling 
with water the juice of the pine. Resin^ rosin, cohphomj 
remain. It has a peculiar smell. Boils at 156°. Is 
inflamed by strong nitric acid, or chlorine. It dissolves 
sulphur,^ fats, phosphorus, India rubber, and resins. 
With dry hydrochloric acid it forms a substance resem- 
bling camphor. 

Uses. It is used in medicine, especially for worms. 
On the skin it acts as an excitant or irritant. In the arts 
it is largely employed in making varnishes, burning fluid, 
and is used in painting. 

Oil of juniper is from the fruit of the Juniperiis communis, and gives 
the peciiliaritii's to Holland gin, and to the various imported articles 
under the name of gin or schnapps. It is stimulant, carminative, and 
diuretic. 

Oil of lemons is tire oil contained in distinct cells in the rind of the 
lemon, and is easily obtained by pressure. It is used in medicine, and 
domestic economy. In the latter, for flavoring various articles of diet, 
and in the former as a stimulant and aromatic. 

The oil of orange is from the fruit of the orange. The oil of cedrat 
from the rind of the citron. Oil of neroli from orange blossoms. These 
arc used in perfumery, and have the same constitution. 

(§ 723. J What are pomatums? Of what are volatile oils composed? 

(§ 724.) What is spirits of turpentine ? How obtained ? Properties ? 
Its uses ? Use of oil of juniper ? Uses of oil of lemons ? How con- 
taincd ? What oils of the orange ? 
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Class 2. — Oxygen Oils. 

(§ 725.) The oils of this class may be considered in 
other relations, but the subject is too unsettled even by 
chemists themselves to make it a topic in an elementary 
chemistry. 

Oil of cinnamon. C20H11O2. It is the volatile oil of 
the bark of the Laurus cinnamonumj growing in the 
island of Ceylon. As we obtain it in commerce it is im- 
ported from Ceylon ; it consists of two oils, a light and 
heavy oil, in the ratio of 2 to 5. It has a powerful, pun- 
gent taste ; heavier than water. It absorbs oxygen from 
the air, if exposed, and is changed into several other 
compounds, cinnamic acid and two resins. It is a good 
carminative, and is used in domestic economy to flavor 
articles of diet, and enters into the constitution of cor- 
dials. 

Oil of anise is distilled from the fruit of the Pimpi- 
nella anisetum. It is a grateful aromatic carminative, 
and is used in many of the preparations for infants. 
Liquors are often flavored with it. It is isomeric with 
oil of cinnamon. 

Oil of pepparmint. C20H20O2. This oil is obtained 
by distilling some species of the mentha. It is stimu- 
lating and carminative, and is used in cases of spasmodic 
pains in the stomach and bowels. It is employed with 
other medicines. Two ounces of oil of peppermint and 
one pint of alcohol makes essence of peppermint. 

The oils of Marjoram, Lavender, Rosemary, Thyme, Rue, 
Bergamot, Sassafras, and Goumaine, from the Tonka bean, 
belong to this class. 

Class 3. — Sulphur Oils. 

(§ 726.) These oils are distinguished by their burning, 
acrid taste, and some of them by their peculiar odor. 
Oil of mustard is prepared from mustard-seed by 

(2 725.) Origin of the oil of cinnamon? Of what does it consist? 
What are its uses ? For what is the oil of anise used ? How is the 
oil of peppermint obtained ? How used ? 

(J 726.) How are the sulphur oils distinguished ? How is the oil of 
mustard prepared ? 
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macerating them in water, and then distilling the mix- 
ture. The oil is colorless, having a formula of CgHgNS^, 
containing nitrogen, but no oxygen. This oil, and those 
belonging generally to this class, do not exist in the liv- 
ing plant, but are produced by the action of water, and 
a peculiar substance in the seed, myrosic acid, a kind of 
ferment. The oil is produced from a substance called 
ifyrosin. The seeds of mustard contain a crystalline 
body, sinapism, resembling a fat. The white mustards 
do not yield the volatile oil, because they do not contain 
the ferment, myrosic acid, to convert the myrosine into 
the oil of mustard. There are many beautiful chemical 
relations of the oil of mustard, but space forbids our 
tracing them out. It is well known to all accustomed to 
use mustard as a condiment, that it must be wet up some 
hours before it is to be used, in order that the oil of mus- 
tard may be produced, otherwise it is bitter, and not 
sharp. 

The oil of ITorse Badish, oil of Garlic and Onion, the 
oil of Assafcetida, the oil of Sops, and the oil of the In 
dian Turnip, all belong to this class. 

Eesins. 

(§ 727.) Eesins are almost always associated with vol a 
tile oils, forming balsams, and the oils are often converted 
into resins by exposure to the air. Some have concluded 
that the resins are derived from the volatile oils always 
by oxidation. 

In this view all the oils and resins originated in the 
hydrocarbons. Displacing a portion of the hydrogen by 
oxygen forms the 2d class of oils, and by adding still 
more oxygen Ave have resins. Eesins are acids; they 
unite with the fixed alkalies and ammonia, forming resin 
soaps. They are insoluble in water ; soluble in alcohol 
and spirits of turpentine. 

Common rosin consists of two acids, pinic and sylvic. 
The formula of these acids is C20II16O2. It enters into 



(J 727.) What relations have rosins -with volatile oils? What are 
tCMhiii ? Ot what does common rosin consist ? For what used ? For 
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tlie constitution of pitch for caulking ships and boats. 
It enters into the constitution of coarse varnishes and 
cements for closing bottles, &c. It is also used medi- 
cinally in ointments and plasters. 

Gum masUo is a compound of two resins, one easily 
soluble in alcohol, the other with difficulty. It comes in 
commerce from one of the Grecian islands, Chios, in the 
form of small grains or tears, which exude from the Pis- 
tacia lentiscus. Mastic is the base of the finest varnishes, 
being dissolved in alcohol or spirits of turpentine. 

It has been esteemed in medicine, but is now aban- 
doned. It is chewed in Turkey by the women, to give 
sweet breath and sound teeth. It is sometimes used to 
fill carious teeth. The preparation is made by dissolv- 
ing it in ether, and saturating a piece of cotton with the 
solution, and filling the cavity with it. 

Gum copal is an East India production. It occurs 
in irregular, hard, brittle, yellow pieces, often containing 
insects ; melts by heat. It is a mixture of two or more 
resins. It is partly soluble in alcohol, more soluble in 
ether and spirits of turpentine, especially when melted, 
which is the state in which solvents are applied to it in 
making varnishes. Copal varnish is the most common 
and valuable varnish, and is a compound of copal, lin- 
seed oil, and spirits of turpentine. 

Sandarach is a product of warm countries, and is the 
resin from oil of juniper. It consists of three resins. 

Olibanum is a resin appearing in yellow kernels, con- 
sisting of at least two resins. 

Amber is a fossil resin, found in coal-beds, and on the 
coast of the Baltic Sea. It is undoubtedly a vegetable 
production, and exuded from some tree. We often find 
impressions of leaves and twigs in it, as well as insects. 
It occurs in irregular grains, or larger pieces, varying in 
color from a light straw color to a dark brown. 

It is insoluble in water, is partly soluble in alcohol and 
ether. It consists of a volatile oil (oil of amber), succinic 
acid, and two resins. 

what used in Turkey? How are teeth filled with it? What is gum 
copal ? For what used ? AVhat is ambcTt Ot -vV^iX ^'Ck<i"& \V. ^wx^\^\.\ 



858 RKSIKS. 

(§ 728.) Petroleum, Naptha. In many regions of tlie 
earth pits or wells yield a large quantity of an oily fluid; 
known under the name of fossil oil, rock oil, Seneca oil 
In Pennsylvania and Virginia immense quantities of this 
oil flow from wells sunk for salt water. It is similar to 
coal tar or coal oil. By distillation it yields naptha, QjEs* 
and paraffine, with many impurities. This crude oil is 
used in medicine as an external application in sprains, 
bruises, &c. 

Asphalt is probably produced by the oxidation of 
petroleum. It is found floating on the Dead Sea, and is 
abundantly produced from the island of Trinidad. 

Bitumen is a mixture of asphalt and petroleum. It 
enters into the composition of black varnishes, and is 
more resisting to chemical agents than almost any other 
organic production. Composition of asphaltum is em- 
ployed for coverings of walls, and walks, and roofs. 

(§ 729.) Gum-lao comes from India. It is an exuda- 
tion from the trees of the euphorbiaceae. It flows from 
punctures made by insects. Seed-lac occurs in small 
grains; stick-lac in scales or tubes, taken from twigs. 
These, melted and poured on flat stones, form the shell- 
lac. It is soluble in alcohol, hydrochloric and a,petic 
acids. 

It is a mixture of different resins, with wax and more 
or less fatty bodies. 

The most important use of lac is in making sealing- 
wax. It is also used as a cement for stone and earthen- 
ware, and as a varnish, especially for electrical apparatus. 

Ammoniacum consists of a volatile oil and a resin. 
Used in making cement ibr glass. 

Assafcetida is a disagreeable substance to the smell. 
It consists of a resin, gum, and a sulphurous oil. 

Gamboge is a resin 80 per cent., and a gum 20 per 
cent. It is brought from the East Indies. Used as a 
coloring? matter. 



(2 7-8.) What is potrolouin? Where does it arise in this country? 
What (Iocs it yield by distillation ? For what used ? What is asphalt? 
What is bitumen ? Uses ? 

(i 729.) Origin of gum-lac? Composition? Uses? Uses of gum 
ammomiicum ? Use of gamboge*! 
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Feat yields several resinous bodies, some of wliich 
prove to be valuable. 

India Eubber. Caoutchouc. CjjHy. 

(§ 730.) India rubber is tlie product of many vegetables 
of the order urticaceae and euphorbiacese. For commer- 
cial purposes it is derived mostly from South America. 
The juice, as it runs from the tree, is a mixture of cauut- 
chouc, albumen, and water, and is a milky substance, 
which by drying becomes hard, elastic, and insoluble in 
water. 

The juice diluted with water, the albumen separates, 
and the caoutchouc sinks to the bottom, and may be 
drawn off. 

It is soluble in ether, turpentine, empyreumatic oils, 
especially that from its own distillation. 

The uses of India rubber are innumerable, and it 
would be of little avail to record them here. 

Vulcanized India rubber is India rubber impregnated 
with sulphur. In this condition it is much less affected 
by heat and cold. 

(§ 731.) Artificial caoutchouc. This substance is 
obtained by the action of chloride of sulphur on oils. 
With 1 part of the chloride to 9 of the oil chlorohydric 
acid is set free, and a spongy mass remains, elastic, inso- 
luble in alcohol, ether, oils, or sulphuret of carbon. Many 
variations have been practised in the preparation of this 
substance, and many useful products seem possible by 
further inventions. 

GuTTA Peecha. 

(§ 732.) In composition gutta percha is the same as 
India rubber. It is the inspissated juice of the Bassia. 
It comes from South-eastern Asia. 

It possesses some of the properties of India rubber, 



(§ 730.) Origin of India rubber? How procured? Uses of India 
rubber ? What, is vulcanized India rubber ? 

ij 731.) How is artificial India rubber made? 
I 732.) Constitution of gutta pcrcba? Whence does it come? Pro* 
perties ? 
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but is harder, more resisting, and is very soft by heat, 
and adheres to itself in this condition. 
Its uses are too numerous to mention. 

COLOBING MaTTEBS. 

(§ 733.) We may divide coloring matters into the most 
prominent colors which characterize them, as yelhw, red, 
green, and blue. 

Red coloring matters are derived from a great variety 
of sources. 

Madder is the root of the Rvbia tinctoria, reduced to 
powder. It aflfords a great variety of tints of red and 
brown. It contains two crystallizable matters, at least, 
alizarin and purpurin. The former is the principal 
coloring material. Its formula is C20H10O10. It produces 
the celebrated Turkey-red, on cotton. Madder lake is 
alumina colored by alizarin. Anchuain is a red, resin- 
ous coloring matter, from the Anchusa tinctoria. It 
assumes a great variety of colors under different circum- 
stances. It is soluble in alkalies, and seems to possess 
acid properties ; is the source of the color of alkanet. 

Dragorls blood is a gum resin, from the Dracsena draco, 
used in coloring varnishes red. Insoluble in water. 

Carthamin is a red coloring matter, from the Cariha- 
mus tinctorius ; used in making pink saucers, and dyeing 
rose-color, and for making toilet rouge, rouge vegetale. 
It is insoluble in water, and soluble in alkalies, and by 
immersing an article in its alkaline solution, and then 
into acetic acid, the coloring matter is precipitated on 
the material, and it is colored a beautiful red. 

Hematoxylin is the red coloring matter of logwood. 
The extract by ether is yellow, becomes blue by alkalies, 
red by acids, violet with alum, and black with the per- 
salts of iron. 

Brazilin gives the color to Brazil-wood, Used in dye- 
ing, gives beautiful colors, but not very permanent ; used 
in preparing red ink and drop lake, 

({ 733.) How may coloring matters be divided? What are bome of 
tho principal red coloring matters ? 
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Santaltn, the coloring material of red sanders, is em- 
ployed in coloring red, not a very brilliant dye. 

Lac'dye is prepared from shellac. It is a resinous 
mass, containing a red coloring matter like cochineal, 

YellGvr coloring matters. Fustic affords one of the 
most common yellow coloring matters, morin, and is the 
wood of a mulberry, Moms tinctoria, growing in the West 
Indies. 

Quercus tinctoria affords a yellow coloring matter, 
called Querdtrin. It is a common tree in our rich river 
bottoms. The coloring material might be made a pro- 
duct of interest. 

Persian berries yield a yellow dye ; they are from the 
East, and are used much in producing characteristic 
tints. 

Gamboge is a resinous juice of the Garcinia gambogia, 
and is used in painting, and also in medicine. 

Anatto is obtained from the seeds of the Bixa orellana, 
and is used in coloring cheese, giving it the rich yellow 
color for which good cheese is distinguished. 

Turmeric is a resinous yellow substance, contained in 
the root of the Curcumia longa, which comes to us in the 
form of a coarse powder. Alkalies turn it brown ; hence 
used to test the presence of this class of bodies. 

Blue coloring matters. Indigo, C16H5NO2, is the lead- 
ing coloring matter of this division, and is unquestiona- 
bly the most important. It is the most desirable of 
vegetable colors. It exists in several plants. It occurs 
in the cells of the plants in a soluble, colorless state, 
and is converted into blue indigo by the action of the 
Air. 

It is obtained by allowing the plant, being cut when 
in full flower, to lie in a tub or vat, covered witu water, 
till it ferments, when we obtain a yellowish solution. 
By adding lime-water, and exposing it to the air, the 
indigo is deposited. 

Indigo is insoluble in water; its proper solvent is 

What are some of the yellow coloring matters? What are some of 
the blue ? 
16 
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concentrated sulphuric acid. Two acids are formed 
by the action of sulphuric acid on indigo, sulphindtgotic 
and sulphopurpuricj which, like indigo, are intensely blue. 

These acids form salts which are blue. Blue carmine 
is sulphindigotic acid, neutralized by potash. 

When indigo is deoxidized it becomes white indigo, 
and is soluble. This is accomplished by quick-lime, and 
the protosulphate of iron, also by other deoxidizing 
agents ; when in this state the materials to be dyed are 
immersed in the solution, and when removed they change 
to blue by the action of the air. 

Indigo has given rise to some very interesting and im- 
portant compounds — aniline, isatine, and picric acid. 

Blue coloring matters are often turned red b v acids ; 
hence the use of litmus in testing for this class oi bodies, 
and often green by alkalies. 

Coloring Matter op Leaves. Chlorophylh. 

Mr. E. Freeney has recently directed his attention to 
the investigation of the character of the green matter of 
leaves, and has drawn the following conclusions : — 

1st. That the green substance of leaves yields a blue 
matter, called phyllocyanin, and a yellow matter, called 
phylhxanthin. The mixture of which makes green. 

2d. These substances form insoluble compounds with 
alumina, in which the affinity of the base for the organic 
matters may be varied by the relative proportions of 
alcohol and water. 

3d. The blue matter is more unstable than the yellow; 
under varying influences it is able to lose its blue color 
and resume it again. 

4th. That the two colors, yellow and blue, may h& 
separated by ether and chlotohydric acid, and then b© 
exhibited separately. 

Luteolin is the coloring matter of the Quercus tine* 
toria. 

What is said of the green ? 
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^§ 734.) This division of organic products includes 
some of tlie most interesting substances that nature pre- 
sents. The real substances of nutrition, the most power- 
ful poisons, and the most valuable medicines are found 
here. We will commence their * study by examining 
those most common and mpst important ; the compounds 
that play the most important part in the processes of 
animal life. 

There are three bodies that form the basis of nutri- 
tious materials, called protein compounds ; one of which 
has received the name of albumen^ because abundant in 
the white of an egg; another casein^ because it forms 
the largest part of cheese ; and a third fibrin^ because it 
is the lean part of flesh. These three bodies have been 
^led the plastic elements of nutrition. They are the pro- 
ductions of vegetation only. The animal does not pro- 
duce them, it only uses them. They are eliminated from 
the animal system, not by combustion, as the preceding 
are, but by secretions. Their constitution is very com- 
plex, and therefore the most unstable compounds, rapidly 
undergoing putrefaction. They burn with a disagreeable 
odor. By destructive distillation they yield ammonia in 
abundance, cyanogen, and oils that are basic. Acids 
and alkalies act upon these compounds, converting them 
into the same product, without regard to the condition 
in which the materials are found. On this account Mul- 
der called this result protein. 

Albumen. 

(§ 735.) This substance exists abundantly in the blood 
in a fluid state, usually forming 19 per cent., and in the 
white of an egg, as a semi-fluid substanv^e. It also exists 
in vegetable juices. 

The solubility in the blood is supposed to be owing 

(2 784 ) What is said of the nitrogeiiized compounds? What are called 
protein compounds ? By what other name have they been called ? What 
produce them ? How characterized ? 

(§ 785 ) Where is albumen found? To \^\\at \ft \\ti ^q\\x>qVC\V^ ^xx^'^^^'t^ 
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to soda cot tained in that fluid. It is met with aldo in 
greater or less quantity in most of the fluids of the ani- 
mal economy. Evaporated to dryness, a clear, uncrys- 
tallizable, tasteless substance remains. Heat coagulates 
albumen. At 160^ it commences to coagulate, and at 
180^ coagulation is complete. It is owing to this pro- 
perty that it is employed in purifying liquids, by hold- 
ing the impurities in suspension. Alcohol coagulates it. 
Nitric and sulphuric acids form insoluble compounds 
with albumen. Chlorohydric acid dissolves albumen, 
giving a characteristic violet blue color. Concentrated 
solutions of potash and soda form compounds with albu- 
men, that are soluble in pure water. Compounds of lime 
with albumen become as hard as stone ; hence used as a 
cement for broken earthen-ware. Many metallic salts 
form insoluble compounds with albumen; hence the 
white of an egg is used as an antidote for poisoning 
with any of the salts of copper or mercury. Infusion of 
galls precipitates albumen. 

Its composition is expressed by the following formula — 
C^sHagNfiOie. 

FiBBIN. 

(§ 786.) Fibrin exists in the blood, forming one of the 
most important elements. It also exists in vegetable 
juices. In the blood it is fluid but coagulates, forming 
the clot; as a solid it forms the lean part of flesh. From 
whatever source obtained it is, in a moist state, of a light 
grayish color, fibrous in its character, drying into a hard, 
horny, brittle substance. Chlorohydric and acetic acids 
dissolve fibrin, especially if a small quantity of pepsin 
is present. This explains the use of vinegar in eating 
nieat, it aids digestion. Hence also a small quantity of 
pickles is not injurious. 300 parts of fresh fibrin is dis- 
solved iu a solution made of 50 of nitrate of potash, 3 of 
caustic soda, and 300 of water. This solution resembles 

t«> he owing ? What arc its properties ? What is said of its compound 
with liino 1 What of metallic salts ? 

(I 7iiii.) Whore docs fibrin exist ? What parts does it form ? Its pro- 
parthu^ Jn wlint in fbrln dis^X^ed'l 
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a solution of albumen, and is coagulated by heat. Tan- 
nin forms an insoluble mass with fibrin, and becomes 
very hard by drying. 

The chemical constitution of fibrin is the same as that 
of albumen. 

Sulphur and phosphorus are present in this and the 
preceding substance, but in what state is doubtful. 

Caseik. 

(§ 737.) This is the solid part of the curd of milk, or 
clabber. It differs from the two preceding substances, 
in containing no phosphorus. It is soluble in the alka- 
lies, and is kept in -solution in the milk by the presence 
of soda. But when the sugar in the milk is broken up 
into lactic acid, this acid takes the soda, and the casein 
coagulates. This is the reason also why milk curdles 
immediately when taken into the stomach, from the free 
acid present in that organ ; and also explains why the 
addition of vinegar to milk turns it into clabber, for 
culinary purposes. Pure casein is acid in its reaction, 
turning vegetable blues red, and forming with potash 
and soda soluble compounds. When milk is heated it 
forms a pellicle of caseine on its surface. Alcohol coagu- 
lates it. It forms a compound with lime, that becomes 
very hard, hence lime and skimmed milk make a good 
cement for earthen-ware, and boiling broken crockery- 
ware in sk:immed milk cements the pieces, from the in- 
soluble compounds formed with the earthy bases of the 
ware. 

Tannin precipitates it, as it did the preceding. 

Its chemical composition is the same as that of albu 
men and fibrin. 

Gluten. 

(§ 738.) This is the nitrogenized substance of flour 
and of all grains. By washing a piece of dough from 

What two elements are present in this and the preceding substance ? 
(i 737.) What is caseine ? How differ from the preceding ? Its pro- 
perties? What makes it coagulate in milk ? What effect with lime ? 
(J 738.) What is gluten ? How obtained ? Of what materials does it 
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iv*licat flour, in much water^ the starch is waslied out, aad 
a tough elastic substance remains, resembling somewhat 
India rubber, and dries into a hard brown horny sub- 
stance. This is not a simple proximate element, but 
a compound of two or three chemically difTerent sub- 
stances. 

If fresh gluten, thus obtained from wheat dough, he 
boiled in alcohol it dissolves a portion of it^ "which is 
deposited by evaporation. This is what has been called 
ghiirn. The undissolved portion is similar to fibrin in 
blood. They have a similar constitution to the three 
preceding substances. 

At th*5 commencement of germination the gluten, nr 
a smdl portion of it, is charged into diastase, to dissolve 
the starchy by converting it into sugar. 

The aniount of ghiten iu flour varies from 10 to 15 
per cent. In rare cases it reaches even 20 per cent. The 
greater the amount of the gluten the more nourishment 
in the flour. Fine flour is not so rich in gluten as the 
shorts of the same wheat* Wheat grown on rich land is 
richer in gluten than that grown on poor land. 

The quality of the gluten in wheat gives the property 
to the flour of wheat to make light bread. The gluten 
of corn is not sticky and elastic; the gluten of rye and 
buckwheat differ from that of wheat physically, and are 
not as well fitted to make light bread. 

Flour, rich in gluten, is used to make viacaroni and 
vermicdli ; the wheat producing them grows in warm 
regions, as Italy and SicHy, 

Legumin. 

(§ 739.) A substance, similar to gluten in grain, is one 
pointed out by Braconnot, found in leguminous fruits, as 
the bean, pea, &c,, which he called Ugumin, It is solu- 
ble m cold water, and in the alkaliea. Insoluble in 

coii5ii?t? WImt livk^a pUee in germination? What of tlie amount of 
gltaeii in flour? J\ hat flour is tLe most nutritious! WIit ^iU wheat 

."f ^ft V ,1^? y^f^^ ^ . "^^^^ *^^ maenroni and TemicelU madi of! 
{{180.) What IB legumm ? What arc its properties ? 



A 
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water made hard by the sulphate of lime ; hence peas 
and beans boiled in such waters are hard. Acetic acid 
precipitates it. It is similar in constitution to the pre- 
ceding. 

Gelatin. 

(§ 740.) If fresh skins or bones be boiled in water a 
solution is obtained, which gives a jelly-like mass, called 
gelatin. 

Gelatin, in a state of purity, is colorless, inodorous, 
insipid, transparent, and very adhesive. It swells in 
cold water, but does not dissolve. In water near the 
boiling point it is soluble, and gives a solid material, if 
as much as jj^ of gelatin is present. Long boiling pre- 
vents its becoming a jelly. It is insoluble in alcohol, 
and the alcohol will take the water from solid gelatin, 
and make it contract. Tannin precipitates it, and makes 
it a permanent solid. Acetic acid aids in the solution 
of gelatin. 

There are several common substances that are gela- 
tin in a greater or less degree of purity. 

Glue is obtained in large quantities, by dissolving out 
the earthy matter of bones by muriatic acid, and then 
boiling the residuum. When the cartilaginous substance 
is all dissolved, the solution is evaporated till it forms a 
hard mass on cooling, and this is glue. It is also made 
in the same manner from raw skins. 

Soluble glue, as it is called, is a solution of fine glue, 
or isinglass, and prevented from becoming jelly-like, 
when cold, b}' nitric acid or acetic acid. It is sold ex- 
tensively in the shops. 

Isinglass is a kind of gelatin produced from the blad- 
der of fishes. The Russia isinglass is considered the 
best, and is from the sturgeon. 

Isinglass is the basis of animal jellies, and is extcn 
sively used in domestic economy. 

Sulphuric acid and potash and soda convert gelatin 
into two crystallizable substances, leucin and the sugar 

(g 740.) What is gelatin? What are its properties? What effect 
has loDg boiling? How is glue obtained? What is isinglass? For 
what used ? 
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of gelatin. Sulphuric acid and peroxide of manganese 
produce a great many compounds with gelatin, some of 
which promise to be of importance, cyanhydric acid, 
acetic acid, valerianic acid, &c. 

Leather is the skin of an animal impregnated with 
tannic acid. This is true, as a general fact, yet there are 
kinds of leather that are not tanned by tannic acid. The 
hides of the horse and ox afford the most important com- 
mercial articles of leather, including, under the latter, all 
the varieties of the skins of the bovine race. These all 
tan well, and make the most desirable leather. Sheep- 
skins, for making gloves. Doe-skins, for similar pur- 
f)oses, but finer kinds. Seal-skins, for making enamel- 
ed leather. Hog-skins do not tan well, on account of 
the fat ; they are used for saddles. The French use num 
berless rat-skins for making gloves. These can be dis- 
tinguished by the hairs on them, by the microscope. 
Alum and oil are tLe materials used for preparing leather 
for gloves and other purposes. 

The process of tanning is an extremely slow one, re- 
quiring for its perfect accomplishment one or two years. 
More rapid processes are adopted, but to the injury of 
the leather. 

ORGANIC ALKALIES. 

(§ 741.) In 1803 was discovered, for the first time, that 
vegetables yielded alkaline substances of their own pro- 
duction. 

The organic alkalies in opium were first discovered. 
Sertuerner first demonstrated that the alkaline reactions 
of several of the products from opium were due, not to 
ammonia, or any inorganic substance, but to a real pro- 
duct of the plant itself. 

The organic alkalies are generally powerful substances, 
acting on the animal system with great energy. They 
act like the ordinary alkalies, perfectly neutralizing the 

What is leather ? What is soluble glass ? 

(2 741.) When were organic alkalies first discovered? Who first 
demonstrated it ? In what? What is their character ? 
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most powerful acids. They are quite stable bodies, not 
cl;anging under ordinary circumstances. Some are solu- 
ble in water, others insoluble. They are generally soluble 
in hot alcohol, which abandons them when cold. 

There is a general course that may be adopted in ob- 
taining many of the alkalies from the plants that con- 
tain them. 

By boiling the plant, or portions of it reduced to 
powder in dilute chlorohydric acid. By adding ammonia 
or milk of lime to this solution the alkali is separated from 
its combination, and is precipitated. It only needs puri- 
fication. . 

Morphine. Cs^HigN.Oc. 

(§ 742.) Morphine is the most important alkali of 
opium. It would be of little value to the student to 
detail the processes for obtaining these, alkalies, and we 
shall content ourselves with noticing some of their pro- 
perties and uses. 

Morphine is a colorless, transparent crystalline body, 
with a powerfully bitter taste. It is sparingly soluble 
in cold water. Hot alcohol dissolves it to a considerable 
extent. 

In the opium it is united with meconic acid. 

In combination with acetic acid, muriatic acid, and 
sulphuric acid, it is used extensively in medicine instead 
of opium. It is supposed to possess all the good quali- 
ties, and not to produce some of the bad effects of opium, 
when taken as a medicine. It is a powerful narcotic, 
and acts as an anodyne, soporific, and diaphoretic. 

In over- doses of opium, or morphine, strong coffee is 
a good antidote, with cold water to the head. It gives a 
deep blue with the persalts of iron. 

Besides morphine, there are found in opium narcotine, 
codeine, thebaine, papaverine^ and narceine, but they are 
of no special interest. 

How generally produced ? 

(2 742.) What is said of morphine? Prcperties? What acid united 
with it in the plant? What is it used instead of in medicine? Is it 
poisonous ? Ant idot e ? 
16* 
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QlHNINE. C1BH24N2O2. 

(§ 743.) Quinine is the active principle of the cinchona, 
or Peruvian bark. It exists in the bark in combination 
with kinic acid. There a*re three varieties of Peruvian 
bark, the gray, red, and yellow. The yellow yields most 
of the quinine. It is soluble in ether. It is employed 
in medicine as a febrifuge, in the form of sulphate of 
quinine. It is a most powerful tonic, and is used in 
intermittent fevers. 

Quinoidine, or chinoidine. It is isomeric with quinine, 
and is an altered condition of that substance. It is am- 
orphous, of a reddish brown color, and is said to surpass 
quinine in its febrifuge properties. 

Cinchona is the other principal alkali in the Peruvian 
bark, and is found in the greatest abundance in the gray 
variety. 

Strychnine. C42H12N2O4. 

(744.) In the nux vomica there exist two alkalies, 
united with the same acid. The alkalies are strychnine 
and brucine, and the acid igasuric acid. Strychnine is the 
only element of interest. The two alkalies seem to have 
similar action on the animal system, but the strychnine 
is much the most powerful. 

It is a powerful poison, producing symptoms similar 
to totiiuus, or lockjaw. It is used in -medicine, and is 
oiWu of great value in the hands of skilful physicians. 
It is intensely bitter — 1 part will make 600,000 parts of 
water bitter. 

Tests of strychnine. Formic acid is one of the best 
tests of strychnine; ttjouu part gives a white curdy pre- 
oipiialo. Bichloride of platinum gives a yellow, amorph- 
ous prooipitate ; 3 grains of iodide of potassium, dissolved 
in I draeluu of water, with 1 grain of iodine added, is a 
invest delioato tost for strychnine. It gives a brownish 
Vollow preoipitnto. 



^J T4ii \ NYhrtt ij» nuiuiuo? Where does it exist? For wi:at used? 
v^ *44 \ WUtfr^^ dow strjrohmno exist? What are its properties? 
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Nicotine. CaoHi4N2. 

(§ 745.) . Nicotine is the narcotic alkali of tobacco. It 
exists in tobacco from 2 to 8 per cent., the Virginian 
tobacco being among the strongest in nicotine, having 6 
to 8 per cent. The Havana having only 2 per cent. 
Nicotine, when pure, and just prepared, is a colorless 
liquid, but soon becomes, in contact with the air, amber- 
colored, and then brown, ft has a sharp, penetrating 
odor, and a burning taste. It is intensely poisonous, and 
yields in this respect to nothing but prussic acid. It is 
soluble in cold water, and in alcohol and ether. 

Aniline. C12H7N. 

(§ 746.) This is an artificial alkali, and the first one, 
of a large class, ever formed. It was not only the first, 
but promises to be the most interesting and important. 
It was formed by Fretsch, by submitting dry hydrate of 
potash and indigo to dry distillation, and by a similar pro- 
cess numerous other artificial alkalies are formed. 

It is also formed by the action of sulpbydric acid (HSJ on nitrobemine 
(CiiH5N04). Benzole is CnHe. By substituting for one atom of hydro- 
gen one of nitrous acid (NO4), and we have nitrobenzine. By the agency 
of 6 atoms of HS we take away all the oxygen, forming 4 atoms of 
water, and have 2 atoms of hydrogen to unite with the nitrogen, 
towards forming it into ammonia, and the Ci2H5 is substituted for the 
other atom of H, and forms aniline. The following equation expresses 
it : C12P5NO4 + 6SH = 4H0 -f 6S + C12H5NH,. 

Another process is by heating ammonia with hydrate of phenyle 
(Ci2H50,H0), and we get the same result as above: ChHsOjHO -f NH3 
= 2110 + C12H5NH2, aniline. 

If these were isolated reactions they would not deserve our notice ; 
but the above three processes are individual expressions of important 
series of ^reactions on similar related compounds ; and we have alluded 
to aniline as a type of large classes of chemical compounds that promise 
important results to science and art. 

We may consider aniline as an atom of benzole, with one atom of 
hydrogen displaced by ammonia ; or we may consider it ammonia with 
an atom of hydrogen replaced by C12H5. The latter in many respects 
seems to be most in accordance with its strong basic nature. 

It is also produced from coal-tar, which is the source of it in the arts. 
Aniline is a colorless oily liquid, of a strong aromatic odor, sharp burn- 
ing taste. 

(J 745.) What is nicotine ? What part of tobacco does it form ? Its 
properties ? Is it poisonous ? 

(J 746.) What is rfbiline? How foTmedl \^V^V.\^V)ci^x^'wJCv«i.\ 
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Uses. Its compounds produce almost every shade of 
color, and on this account it is attracting much notice. 
The new colors, going under the name of Mauve, Fuch- 
sine, Magenta, and Solferino, &c., are produced by various 
reagents on aniline, especially compounds of chromium 
and mercury, as bichromate of potash, chloride of mer- 
cury, and iodide of mercury. 

A salt of aniline in solutTon, with an equal quantity 
of acetic acid, treated with chlorine, or the hypochlorite 
of lime, produces a blue dye, and by varying the pro- 

Sortion of the materials a variety of shades are pro- 
uced, through blue, lilac, violet, &c. A mixture of 
aniline and bichloride of tin gives a red dye. Peroxide 
of lead and SO3, acting on aniline, produces violet, pur- 
ple and red. 

Caffeine. CgHsNaO,. TJieine. Chuaranine. 

(§ 747.) This alkali is found in coffee, tea, and the Ilex 
paraguaynensis, the tea of South America. 

This substance may be obtained from tea, by boiling 
the tea, and adding to the solution some acetate of lead, 
and filter and evaporate the solution. The dry mass, 
mixed with clean sand, or powdered glass, and distilled, 
we obtain crystals of caffeine. 

It is soluble in water, alcohol, and ether ; very bitter, 
fusible, and acts as a feeble base. In composition it is 
closely allied to the bile and urine. It is greatly stimu- 
lating and refreshing; and it is singular that it forms the 
active material of the different beverages of so large a 
portion of mankind. The beverages having but little 
or no resemblance to each other, yet are dependent on 
the same material for their most important effects. 

Test for organic alkaloids. If perchloride of anti- 
mony be added, drop by drop, to a solution of phospho- 
ric acid, a solution is produced that gives precipitates 
with most of the organic alkalies. 



For wliat used ? 

(J 747.) What is said of caffeine? 
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:iYANOGEN. C,N = Cy. 

(§ 748.) Cyanogen is one of the most important com- 
pound radicals. It acts like an elementary body, bear- 
ing nearly the same relations to other bodies as chlorine 
does. 

Cyanogen is produced when animal matters containing 
nitrogen are heated to near redness, in close vessels con- 
taining carbonate of potash. The cyanogen, as it is 
produced, unites with the potassium, forming the cyanide 
of potassium, KCy. From this compound all the other 
compounds of cyanogen are derived. To make the com- 
pound more permanent iron is added, with which the 
cyanogen unites, forming the cyanide of iron, or ferrocy- 
anogen, FeCys, and this unites with the potassium, form- 
ing the ferrocyanide of potassium, which is the yellow 
prussiate of potash, which is expressed by the formula 
FeCy32K. 

But to get cyanogen free we must take another step. 
By heating a mixture of 6 parts of prussiate of potash, 
FeCyH2, and 9 parts of corrosive sublimate, HgCl, we 
get chloride of potassium, liberating two atoms of cyano-. 
gen, that formed the cyanide of potassium. There was 
then no base for the cyanogen to unite with, when the 
chlorine engaged the potassium, but the mercury, which 
would not retain it at that temperature, it escaped in gas. 

A more simple method is to heat cyanide of mercury 
in a small retort or test-tube, with a small tube attached 
by a cork. Simply heating drives off the cyanogen. 

Properties. It is a colorless, transparent gas, burn- 
ing ^ith a characteristic pink flame. It is absorbed by 
water, and must be collected over mercury. It smells 
like peach -blossoms. 

Cyanhydric Acid, Hydrocyanic Acid. Prussk Acid. 

HCy. 

(§ 749.) This is the most poisonous substance known. 

(§ 748.) What is the character of cyanogen? Where is it produced? 
Reaction ? How is it isolated ? What are its properties ? 
(J 749.) What is said of cyanhydxic cuci^t lioTi \% \\.\"t«^%x^^\ 
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It is easily prepared by many processes, but the easiest 
is tlie fyllowing:^ 

Tiikts 15 parts of powdered ferrocyaoide of potassium, 
and 9 parts of sulphuric acid, and an equal quantity of 
water, and distil them in a retort, and receive the vapors 
in a vessel placed in a freezing mixture. It is a clear 
mobile liquid. It has a disagreeable, sickening odor. It 
undergoes spontaneous decomposition. A small quantity 
of sulphuric acid prevents it. It ia so poisonous that a 
simple drop will destroy a dog, or other animal of equal 
si^e instantly, if dropped on the tongue. 

Uses. This acid, in a greatly diluted state, has been 
used in medicine, and is undoubtedly a powerful seda- 
tive and anot^yne; but from its varying strength it is now 
nearly laid aside. To the chemist there is no difficulty 

tin producing it of any required strength, and with the 
utmost accuracy. 
The presence of prnssic acid is readily detected by 
adding to the suspected solution first, protosulphate of 
iron, then potash, then ehlorohydric acid, and if any 
hydrocyanic is present, a blue color will be produced. 

(I 750.) There are several compounds of cyanogen and 
oxygen :— 

Cyanic acid, CyO + HO, 

Fulminic acid, Cj'^O^ + 2H0, forms a series of fd mi- 
pates, with mercury, silver, and gold, the first of which 
is used in making percussion caps. 

It is easily prepared by dissolving 1 part of mercurj 
in 11 parts of nitric acid, sp, gr. 1.30. then add 11 parla 
of alcohol at 80 per cent, A brisk action takes place 
and crystals of fulminating mercury arc deposited. It 
is a dangerous substance, and should be experimented 
with, w-ith great care. 

Cyanide of Potassium. KCy, 
(§ 751.) This substance is readily made by heatmg 



T'^i fZl^^ properties ! For wimt used ? How detected ! 
{i m.) What compcrtiJids of qjaiiogeii and o^^ jg&a f WkH is i^lmlitio 
■CJa r How Is fulmmatc of mercury (irepared f 
a 7i!J.J How 13 cyanide of pou^Rium 'gti^Y'^^dt 
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prussiate of potash to redness in an iron crucible. The 
iron is reduced to a carburet, and the cyanide of potas- 
sium remains. 

Properties. It is a white solid, soluble in water and 
alcohol. Its solution smells like cyanhydric acid, and 
it is very poisonous. It is now substituted for the CyH, 
in prescriptions. 

If kept in solution it undergoes decomposition, by 
absorbing CO2 from the air, and setting the cyanhydric 
acid free. It is used for dissolving the ides in electro- 
metallurgy and in photography. 

Ferrocyanogen. CygFe = Cfy. 

This compound acts like the cyanogen itself, or it is a 
new compound radical. It unites, as wc have seen, with 
potassium, forming the yellow prussiate of potash, and 
it also unites with iron, forming ferrocyanide of iron, or 
Prussian blue. This radical also unites with hydrogen, 
forming ferrocyanic acid, OfyH2. 

Ferrocyanide of Potassium. Prussiate of Potash. 
CfyKa + 3H0. 

(§ 752.) This salt is prepared in large quantities in 
fusing animal materials, such as hoofs, horns, hair, dried 
blood, &c., with carbonate of potash, in iron vessels or 
with iron turnings. The black mass is lixiviated, jSl- 
tered, and evaporated, when large beautiful yellow crys- 
tals are formed. The process of chemical reaction has 
been given. 

It is very soluble, in water, forming precipitate with 
many metallic solutions, and hence a good reagent in 
the laboratory. It gives a pale blue with the protosalts 
of iron, a deep blue with the persalts. 

It is employed in making ink, and in the preparation 
of Prussian blue. 



What are its properties ? For what used ? 

(J 752.) How is ferrocyanide of potassium prepared? 
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Ferrocyanide op Iron. Prussian Blue. 

This is prepared by adding any persalt of iron to the 
solution of the yellow prussiate. The chemical reactions 
in its formation have been difficult to explain. 

There is another base, called Ferridcyanogen, having 
for its formula Cy6Fe2 == Cfdy. It unites with potassium, 
forming the red prussiate of potash. It is prepared by 

fassing chlorine through the ferrocyanide of potassium, 
t forms blue salts with the protoxide of iron. 
The ferrocyanide of potassium has been prepared for 
the manufacture of a kind of gunpowder, consisting of 1 
part of the ferrocyanide, 1 of white sugar, and 2 of chlo- 
rate of potash. It is stronger than ordinary gunpowder, 
but it has drawbacks, that it is very corrosive on metals, 
and will explode too easily. 

W^hat is Prussian blue ? How prepared ? What is the red prussiate 
of potash ? 
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FOOD. 

(§ 753.) Life is exhibited by change. When there i» 
no change there is no life. Transformation and destruc- 
tion are the constant accompaniments of vital action. To 
build up and destroy are the two gjeat and essential con- 
ditions of the performance of vegetable or animal func- 
tions. The plant is principally concerned in the former, 
and the animal in the latter. 

The plant takes inorganic materials, and weaves them 
into tissues, and fills them with organic products of its 
own production. The animal takes these prepared mate- 
rials and consumes them, for the production of powers 
the plant does not possess. The plant needs food to 
grow and produce fruit. The animal needs food not 
only to grow and perpetuate the species, but for other 
manifestations, which do not belong to the vegetable. 

(§. 754.) Among these demands for food by the animal 
over and above those of the vegetable are — 

1st. To keep up animal temperature. This is specially 
the case with the higher grades of animals. The lowest 
tribes of animals are scarcely raised above the vegetable 
in this respect. The food must contain materials, that, 
by their consumption, shall afford heat to sustain the 
body at a given temperature. The temperature is very 
various in different animals, but for the same animal, in 
a normal condition, it is very uniform. For human 
beings it is 98°, and for the mammalia it does not vary, 

(2 758.) How is life exhibited ? What are the accompaniments of vital 
action ? What are the conditions of animal and vegetable life ? Which 
is the plant concerned in? Which the animal ? What does the plant do? 
What the animal ? 

(J 754.) What is the first demand for food ? What must the food con- 
tain ? How is the temperature of different animals ? What for man ? 
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very greatly, from this temperature. The great govern- 
ing fact in all these cases is, that the temperature is in 
proportion to the combustible material consumed in the 
food, all things else being equal. This is true of the 
coldest as well as the hottest. Fish, and even infusoria, 

Eut in wa^er, that is slowly cooled down to freezing, will 
eep a space unfrozen for some time round their bodies, 
showing that the animal produces heat. There seems to 
be a normal temperature for each animal, and an eleva- 
tion or depression of this temperature, to any great 
degree, interferes with the functions of the animal. 

The normal temperature, as above stated, for man is 
9&'\ In fevers it sometimes rises to 110®, in cholera it 
is depressed below 80®. These however are not the con- 
ditions, under which the functions of the human system 
can be appropriately performed. The appropriate arti- 
cles of food for giving heat we shall notice hereafter. 

2d. The animal demands food for aflfording physical 
power. All power is the result of some chemical action. 
And the power is measured to the most minute accuracy, 
by the amount of chemical action required to produce it. 
Every movement we make is the result of the consump- 
tion of some portion of the food we have eaten ; just as 
every movement of the engine is the result of a combus- 
tion of a portion of wood or coal. The physical power 
exerted by animals, and the power by steam, are due to 
nearly the same cause. The animal receives a complex 
food, and, by its consumption, acquires power ; the steam 
is generated by the combustion of simple materials, but 
of similar character. The chemical process and the end 
accomplished are the same in both. 

Tlie two preceding demands for food are common to 
all animals. 

3d. Tliere is a demand for food in the highest grades 
of animals for intellectual efforts. This is specially true 

What determines the temperature? ITow is it proved that fish and 
infusoria give out heat? Does the temperature of man ever vary? 
What is the second demand for food? Of what is aU power the result? 
Of what is every movement we make the result? How is the power of 
animals and steam related ? Wha > is tie third demand for food ? 
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of our own race. Thought demands the most active 
nourishment of the brain, and no part of the system 
underfi^oes so rapid changes as the gray matter of the 
brain , and this, if not the seat of intellectual power, is 
most closely connected with it, and on the proper per- 
formance of the functions of this portion of the brain 
intellectual operations depend. The power of thought 
is as nciuch dependent, in our present state, on chemical 
changes as the power to move. There is no exercise 
more exhausting to the physical system than intense 
thought. 

4th. The animal demands food to supply worn-out 
materials. If the animal lives it consumes, whether the 
consumption goes to the production of any of the pre- 
ceding phenomena or not. This waste must be supplied. 
It can be supplied only by the food that is eaten. 

For the above reasons we eat and drink ; and he is a 
wise man who, by his eating and drinking, has no other 
motive than to supply the demands nature makes for her 
necessary operations. 

(§ 755.) The quantity of materials used by a man in 
one year is very large when taken together. It is esti- 
mated that a man consumes 800 lbs. of dry food, 1500 lbs. 
of water, and 800 lbs. of oxygen, making 3100 lbs. neces- 
sary for the consumption of the human system in one 
year. 

We have above remarked that the vegetable kingdom 

Prepares the food for the animal. All animals, however, 
o not live directly on vegetable food. Every.tribe of 
animals has its carnivorous genera, or species ; that is, 
animals that live on other animals. Like all the great 
arrangements of the Deity, this bears no less the stamp 
of wisdom than any other. We might be led to think 
that such an order of things might have been avoided, 
and more in accordance with the good and happiness of 
the wJiole, A more careful consideration of things brings 
us to a contrary conclusion. With the present constitu- 

What parts change most ? What is the fourth demand ? 
(} 755.) What is said of the quantity of food for one year? Do aU 
animals live on vegetable food ? Why are carnivorous animals useful ? 
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tion of things, a destruction of carni\orous animals 
would lead to the most fatal consequences. 1st. Every 
plant has more or less animals that feed upon it. To 
keep these animals from absolutely destroying the plants 
on which they feed, by their excessive multiplication, 
the insectivorous birds prey upon them, and thus keep 
their numbers limited. Even with this counteracting 
agency, the locust and grasshopper often desolate regions 
by their ravages. It is recorded that 1,500,000 pine- 
trees were destroyed in the Hartz Mountains, in Germany, 
in one year, by the enormous production of an insect that 
attacked them, and that 800,000 larva© were found on a 
single tree. 

2d. It serves to keep the organized animal food from 
returning so directly into inorganic materials. Now, 
when an animal dies there are appropriate consumers for 
every condition of the carcass. The wolf, the dog, the 
buzzard perform their appropriate offices of converting 
the mass of organized materials into nutriment of their 
own bodies, thus delaying the return of the substances to 
their primitive inorganic condition. When the materials 
are not thus consumed, the body becomes alive with the 
larvfle of insects, which in their turn are devoured by 
other animals, by birds especially. 

3d. The evil effects of the decay of so much animal 
matter at once is avoided by this arrangement. Instead 
of a whole carcass loading the air with its foetid, deadly 
gases, only a small portion of it escapes in this manner, 
the greater part being consumed by these scavengers of 
the earth. Our health and happiness are greatly con- 
sulted by this arrangement. All is well and wisely 
done. 

There are classes of animals, in water and on land, 
that seem specially adapted to live on decaying vegeta- 
bles, that might, to a greater or less extent, become inju- 
rious to higher grades of animals, especially to man. 
The earth-worm lives in rich soils, in moist places, the 
very conditions productive of evil to man ; and by its 

What is tho second benefit ? What is the third ? What classes of ani- 
Diala in water and on landt YfViat «id\?Ma\.\jb\^^ it^m them ? 
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living, it takes out of the soil those materials that might 
rise in deadly gases, but for its agency in removing them. 
There are many similar examples, but space forbids our 
particularizing. 

(§ 756:) Nature of animal fl>od. The ultimate con- 
stitution of the food of animals is the same as that of 
vegetables. There is nothing, except, perhaps, common 
salt, in the food of animals that is not found in vegetables. 

Food may be divided into two classes, non-nitrogenized 
and nitrogenized. Some have made a division, corre- 
sponding exactly to the above, with the following names: 
cahrifadenU heat-producing, and htstogenetic, tissue-pro- 
ducing. These divisions are as expressive of the fact^ 
as any that can be adopted ; but to produce a subdivi- 
sion, which, on some accounts, is more convenient, the 
following may be adopted : — 

1. The carbohydrates, or compounds, which consist of 
carbon, united to the elements of hydrogen and oxygen, 
in the proportions to form water. These are starch, 
sugar, &c. 

2. The hydrocarbons. These are such as contain hy- 
drogen in excess over the oxygen. Oils, fats, alcohol, 
&c., belong to this class. 

3. AUmmenoids, or such as contain nitrogen. Albu- 
men, fibrin, casein, &c., are members of this class. 

4. Salts. The phosphates, muriates, fluates, and car- 
bonates, are the principal salts that enter into the food 
of animals. They are essential, and constitute an im- 
portant part in the animal economy. 

(§ 757.) The individual articles of food have already 
received our attention. It only remains to notice the 
conditions in which we find them in our articles of food, 
or, which amounts to the same thing, to inquire of what 
our common articles of food consist, and their relations 
to animal life. 

The first two of the above divisions constitute the 

(^ 756.) What, is said of the constitution of animal food ? How may 
food be divided ? What other terms used for the same divisions ? What 
other divisions ? What are carbohydrates ? What are hydrocarbons ? 
What are albumenoids ? What salts ? 

f{ 757.) What do the first two divisions couatitutftt 
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heat-producing articles of food. The third class includes 
those that are concerned directly in producing the animal 
tissues, flesh, brain, nerves, &c. The fourth are such as 
make the skeleton, and in a greater or less degree modify 
the fluids, or structure of the body. Any food, to be of 
a character to sustain animal life in vigor and health, 
indefinitely, must possess all of these classes, or their 
equivalents. 

Milk. 

(§ 758.) Milk is perhaps one of the most natural arti- 
cles of food, and comes nearer fulfilling all the conditions 
of a perfect food than any other single article. It is the 
food of the young of the most important class in the 
animal kingdom (the mammalia), for some period of its 
early life. It also enters largely into the diet of man. 
Its composition is by no means uniform. It varies 
greatly in different animals, in the proportion of its 
constituents. 

It contains representatives of all the classes of food 
above given. Taking the milk of the cow for an exam- 
ple, we find in it about 3 per cent, of sugar (CialligO.j), a 
representative of the carbohydrates. We also find about 
4 per cent, of butter, being composed of several fatty 
bodies belonging to the 2d class, or hydrocarbons. Ca- 
sein, an albumenoid body of the 3d class, is found to 
the amount of G per cent. Of salts there is about .2 per 
cent., varying however even to 1 per cent. In tliis ma- 
terial we have then all the elements of nutrition. 

(§ 759.) Properties of milk. It is a white, opaque 
liquid, with a slight odor and sweet sugary taste; density 
greater than that of water (1.036.) Fresli milk is always 
alkaline from the presence of soda. By standing, it 
separates slowly and imperfectly into two portions. The 
superior portion is the cream, of a yellowish-white color, 
unctious, pleasant to the taste. The lower portion is of 
a bluish-wlute fluid, serum, a little more dense than the 



Thothira? The fourth? 

(^ 76v^ ) What is saU\ of milk? What young arc nourished on it? 
How nre tlio different classes of food represented in milk? 
(^ 7V.K ) What !ire the propcnxe* of tu\V;* Into what two parts docs 
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cream ; but they are so nearly of the same specific gravity 
that they scarcely ever perfectly separate, being more or 
less cream contained in the skimmed milk, or serum. 
By longer standing the milk is no longer alkaline, but 
becomes acid. This acid is the lactic acid produced by 
the breaking up of the sugar. The sugar is C12H12O12; 
this is simply divided, making two atoms of lactic acid. 
Lactic acid, it will be remembered, is just one-half of 
the milk sugar, being G^'H.cPq. This lactic acid unites 
with the soda, neutralizing it, and the casein, which was 
combined with the soda, is set free and coagulates, form- 
ing cldbber. The action of the air on the casein changes 
it ; and this acting as a ferment produces the decomposi- 
tion of the sugar. If the air is excluded none of these 
changes will take place. 

The cream is made up of innumerable small sphe- 
rical cells, 5o'(,7y to j3 Jiju o^n''''^''^'^ Q^ 

of an inch in diame- ^'l^rrSo^'^^.. 

ter. They consist of ^^:^^:^^^' 
butter, enclosed m an i3|3%* ""^'o S&o"*^ ^ ^^^ 

envelope. #^'^>n '^"'^9 !^- Wi( 

When this envelope ^^^0,%% ^^>^ 
is dissolved off* by the 0^ % ° o^'oo"* ^ 
lactic acid with the aid ^^^ ^k^rP < 
of agitation (c/mrwm^), p, ^w 
the particles of butter ^<^^'',f 
coalesce ; it is said the "" " 

butter comes. 

Milk consists of about 
82 per cent, of water, -'o'^^^o 

3 J- per cent, of casein, Mil^ globules, greatly magnified. 

and 4J per cent, of butter, and 5 per cent, of sugar of 
milk. The above is good milk, richer, undoubtedly 
than milk generally is. Of such milk about three gal- 
lons would make one pound of butter. Ordinary milk 
will not do this. 

it spontaneously separate ? What occurs by long standing ? Explain 
the change? Of what is cream made up? Of what do they consist? 
What salts contained in milk ? 
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The salts contained in milk are — 

Phosphate of lime, Chloride of potassium, 

'* of magnesia, " of sodium, and 

" of iron, free soda. 

(§ 760.) Milk as an artiole of fbod. Although milk 
is well adapted to the nourishment of the young, it is 
not adapted to the perfect nutrition of the adult. It does 
not afford nitrogenized materials enough for the active 
scenes of adult life. 

Those animals, whose young are enabled to run about 
almost as ^oon as bom, yield more casein than is afforded 
by those whose young remain helpless for a greater or 
less length of time. 

The milk of the goat has casein 80, sugar 40, but- 
ter 40. 

The milk of the cow has casein 68, sugar 28, butter 40. 

Human milk has casein 32, sugar 86, butter 29. 

This shows double the quantity of casein in the milk 
of the cow that there is in human milk, and the sugar is 
much less ; hence the necessity, when young children are 
fed on cow's milk, to add an equal bulk of water, and 
sweeten it. These additions make it nearly like its natu- 
ral food ; nearer than anything else. 

There has been a process published for making artificial milk. It 
consists in taking 3 parts of fresh bone, powdered, 1 of meat, 6 of 
water, digested for three-fourths of an hour in a close vessel, at a tem- 
perature of 1-40°. A milky fluid is produced, called milk, but it is 
milk in no respect but in name. 

Eggs. 

(§ 761.) The contents of eggs form the early food of 
all the young of animals which do not yield milk. It is 
only one class of eggs, however, that demands our atten- 
tion as articles of food ; those of domestic fowls. 

The egg consists of two very distinct parts — ^the white 

(J 760.) What is said of milk as an article of food ? Why not adapted 
to adults ? What animals yield most caseid ? Why ? What is the con- 
stitution of the milk of the goat? Of the cow? Human milk? How 
should cow's milk be altered to suit infants ? 

(I 761.) What is said of eggs? Of how many parts does an egg con- 
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and the yolk. The white is in a great measure albumen 
in solntion, consisting of water, 80 ; albumen, 15.5 ; other 
materials, with mucns, 4.5. Combined with these are 
greater or less quantities of the oleate and margarate of 
soda. It readily coagulates by heat and alcohol. It / 
contains sulphur and phosphorus. It is highly nutritious, v/ 
with but,little heat-diving material. 

The yolk of the egg Is slightly alkaline, contains more 
solid matter than the white, consisting of a kind of albu- 
men, or a mixture of albumen and casein, called vitellin, 
about 15 per cent. About 30 per cent, of the yolk is 
fat, consisting principally of margarin and olein. 

Red and yellow coloring matters are found in the 
yolk, the first of which contains iron. The fat globules 
are similarly constituted to those in milk, being enclosed 
in a sac. These globules contain a large portion of the 
phosphorus contained in the yolk, in a condition not well 
understood ; phosphorized fat. Some suppose it in a free 
state, and as incubation goes on, this phosphorus is 
burned up by the oxygen of the air, which penetrates 
the egg, converting the phosphorus into phosphoric acid, 
which passes to the shell, which is the carbonate of lime, 
and dissolves it, forming the phosphate of lime, from 
which the bones of the young are produced, thus thin- 
ning the shell, so that it is easily broken. The phos- 
phates of -the alkalies and lime are also present. 

A nitrogenous substance called cerehrin is also found 
in small quantities in the yolk, containing nitrogen and 
phosphorus. 

(§ 762.) The salts found in the yolk are such as are 
usually found in animals, but not in like proportions. 
The potash salts are more abundant than the soda salts. 
The chlorides are said to be entirely absent, which is 
probably not the case. There is a close analogy between 
the constitution of the salts in the yolk and in the blood 

Bist ? Of Y^at does the white consist ? Of what does the yo^.k consist ? 
How many coloring matters? How do they differ? How nre the fkt 
globules? What do they contain? How does the phosphorus act? 
What is cerebrin ? 

(} 762.) What issaidof thesaltgt W\i\c\i nvo%\. «Xi\«!^^^>^^'^'^ '^W^ 
•bsert T 
17 
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corpuscles* Free gases exist ii tbe white and yolk of 

^EK^ > - 

(I T63.) From tlio above facts \re learn tliat eggs are 
well adapted as articles of food. In the albumen and m 
casein we have the histogenetic elements, or tissue- form- f 
iag elementi^. In the oils we have the heat- giving ele- 
ments, and in the existence of potash, soda, and lime, 
iron and phosphoros, we have the other elements for 
buildmg up the animal frame. 

Eggs, when lightly cooked, are highly nutritious and 
easily digested. There is ranch prejudice against over- 
done eggs, and perhaps justly. To invalids, dyspeptics 
especially, they are undoubtedly injurious^ In a healthy 
stomach they may be harmless. The gastric juice will 
slowly but surely dissolve them. 

(§ 764.) Preservation of egga. There are various 
methods adopted for the preservation of eggs* These aU 
have reference to the exclusion of oxygen, first, by var- 
nishing them, and placing them on the small end, in a 
dry, cool place. The eggs, for all processes of preserva- 
tion, must he fresh, as they absorb oxygen in a short 
time. The varnish keeps out the air. The placing them 
on the small end is probably to keep the yolk most 
nearly the centre of the white. Greasing or waxing the 
eggs has the same effect, and packing them in charcoal 
powder. 

2d. By plunging them, for an instant, in boihng 
water. This forms a coating of solid albumen, and of 
course excludes the air ; then packing them in charcoal, 
which will arrest the oxygen. 

3d. By immersing them in mUk of lime, or lime- 
water. This probably arrests decay, partly, at least, by 
keeping up the alkaline character of the contents. Salt 
water also defers the period of decay. Lime-water and 
oream of tartar are also used for the same purpose. 



I 
I 



(I Tflfl,) Whut ii t*id gf eggs as nrticleB of food? Wh&i represents 
the various cliis«<Jfl of fowl t Wbat effect bas cooking ? To -wlrom are 
hard cpgi hiirlMt 

(I Tt}4*) VVhftt mmm of preserving eggs? Ta what do they p^ m 

mit J 
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They all tend more or less to prevent the action of oxy- 
gen of the air on the perishable contents of the egg. 

Bread. 

(§ 765.) Under this head we may include all those 
materials made from grains. So far as their dietetical 
character is concerned, they may all be considered toge- 
ther; being composed of the same materials, although 
they may differ in their physical characters, and in the 
relative proportion of the materials. Wheat may be 
taken as the representative grain. Wheat flour con- 
sists of 

Starch, 70.8 per cent. 

Gluten, 12.1 per cent. 

Sugar, 4.9 per cent. 

Gum, 4.2 per cent. 

Water, 8. per cent. 
The relative proportion of the gluten and starch vary 
very greatly in different specimens of flour. All the 
materials requisite for animal nutrition are seen to be 
present in flour. 

Bread-making essentially consists in incorporating 
flour, water, salt, and carbonic acid with each other in 
such a manner as to make an elastic, homogeneous, tena- 
cious mass, so that each material shall be perfectly dif- 
fused through all the others. Thorough working alone 
can accomplish the last, and without it no bread can be 
good. The carbonic acid is supplied in various ways, of 
which perhaps the oldest and most common is fermenta- 
tion. Besides this, chemical substances, salaeratus, and 
some acid, as sour milk, vinegar, or cream of tartar are 
used. Bicarbonate of soda is often substituted for sala3- 
ratus, and when this substance is used chlorohydric acid 
may be used, forming with the soda salt in the bread. 
A recent invention has been brought out in England to 
impregnate the dough with CO2, by pressure ; thus avoid- 
ing all impurities. 

(§765.) What is included under bread? Of what does wheat flour 
consist? What vary ? Of what does bread-making essentially consist? 
How is carbonic acid supplied ? 
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(§ 766.) Although bread is called the staff of life, yet 
it is never depended on solely to sustain life. The starch 
and sugar are carbohydrates, and the heat that can be 
produced by their consumption must be small com- 
pared with the amount yielded by the combustion of the 
v/ oils, hence, the eating of simple bread will not afford 
sufficient heat. Custom supplies the deficiency. "We 
must have butter to eat on bread, or fat meat to eat with 
it, and we require that our biscuit^anSr numerous arti- 
cles manufactured from flour, be shortened by lard. Thus 
we supply the deficiency. Instinct, undoubtedly made 
the demand, and philosophy approves it. 

(§ 767.) The structure of a grain of -wheat, from 
which our flour is made, is not properly understood, and 
its nature not properly appreciated. It is an object of 
the highest interest, since untold millions depend on its 
production, and were it better understood, and its consti- 
tution a matter of more universal knowledge, the inte- 
rests of society might be greatly advanced. 

The wheat grain is a fruit, not a seed only. It is a 
one-seeded fruit ; as though we had a one-seeded b(3an 
or pea pod. The only difference is that the pod of the 
wheat is closely applied to the seed, but in the bean or 
pea it is not ; the seed is loose in one case, and closely 
enfolded in the pod in the other. The same is true of 
corn, oats, rye. &c. 

The accompanying figure is a representation of a section 
of a grain of wheat from end to end, greatly magnified, 
so as to show it as it appears under the microscope. 
The membranes, some of them, are represented as sepa- 
rate;'], 80 as to make them distinct. 

^rho membranes, marked 1, 2, 3, 4, make up the pod : 
1, the cuticle; 2, the epidermis; 3, the epicarp; 4, the 
on<locaip. Tlieso envelopes have no nutriment in them, 
and tlioy are nearly colorless, or of a light brown color, 
auvl form the toughest part of the bran. No. 5 is the 

\\ V\y^.\ Whv i^ not brouil sulHcicnt to sustain life? What must we 
brtvo \\i(h U^vj^^I " 

\\ 7^^7.\ NVluM U !«<»i»l of rlio structure of the grain of wheat? What 
/.«» r/»^ wli^m ^^niuT Uv»w ilot>« the figure represent the wheat grain? 
WhM if) 'ho «^*^mUv\uvx^A, \\\mV^v\ \, *i, 'i. A, m^xV-^ v\V? What No. 6T 
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Embryo. 
A grain of wheat greatly magnified, with fhe layers more or less separated. 

onter covering of the seed, and gives color to the grain. 
It takes no part in nutrition. It belongs to the bran. 
No. 6 is an important portion of the seed, and ought 
always to be in the flour, but seldom is; mostly con- 
tained in the shorts. It is nutritious and medicinal, in 
one sense, and its chemical relations are of the most 
important character, not only in alimentation, tiU in 



What No. 6 ? In what respects is it important ? What are the ceUs filled 
witli ? What eflFect on starch and glviteiil \i\\viX, ftS^<i\. w2l ^vkb^>:\ssvA 
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germination, protecting the embryo from improper influ- 
ences, and controlling the agencies in a great degree that 
stimulate vitality. It is composed of regular cells filled 
with a substance called cerealin. By its action it decom- 
poses starch, converting it into a soluble state, and lique- 
fies gluten. Hence dough loses its elasticity by standing, 
if tliis substance is present, and the temperature mode 
ratcly high. 

It bears a high temperature without losing its pro- 
perty of liquefying gluten, hence is active during cook- 
ing. Bread that contains this material liquefies in the 
stomach, and is easily digested ; bread that does not con- 
tain it continues pasty, and is with difficulty disposed 
of by the stomach, giving dyspepsia, and many painful 
symptoms. Animals will die led on pure white bread, 
but will flourish fed on bread made from the same grain 
containing this membrane. 

In one case the cerealin is present, in the other it is 
wanting. -No. 7 consists of cells filled with starch and 
gluten, and is the most nutritious portions of the grain. 
No. 8 is like No. 7, but contains more starch and less 
gluten; No. 9 is nearly pure starch, and is but slightly 
nutritious. Fine flour consists nearly of Nos. 8 and 9; 
the shorts of G and 7, the healthiest and most nutritive 
l>arts of the grain. The flour ought to contain 6, 7, 8, 
and 9, ground together, and whoever will devise a plan 
by wliicli this can be accomplished, will confer a bless- 
ing o\\ civilized man. All the nutritious portion of the 
grain was intended to be oaten; but custom gives us 
the })oorcst portion of the grain at the highest price, 
under the name of superior flour. 

Meat. 

(§ 708.) ircat has a very great uniformity in its con- 
stitution, cont^isting mostly of fibrin, albumen, and fat. 
The relative proportions, however, are very difierent 
from those we liavc noticed above. Beef has the folio w- 



'SS\\M of <ho lrty«^vj» No:*. 7, 8, nnd ? What ought the flour to coatain? 
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iug composition, exclusive of fat, which is ever varying 
in quantity : — 

Fibrin and its equivalents, 17.70 

Albumen, 2.2 

Creatine, inosinic acid, extractive matter, 1.8 
Salts, 1.13 

Water, 77.17 

With the fat, meat affords the materials for nutrition 
and heat ; containing the equivalents of the constitution 
of flour ; being richer however in the nitrogenized mate- 
rials. 

Creatine. CdHgN304. This body exists in the juice 
of flesh, together with inosinic acid, CioHeNjOioHO, and 
this gives much importance to the juice of flesh. 

The quality of meat, as an article of diet, is very much 
modified by the mode of cooking. Broiling is unques- 
tionably the best mode, as all the juices are retained. 
If fresh meat is put into cold water, and heated to boil- 
ing, it loses a large amount of nutritious matters, about 
. 5 per cent. The albumen is dissolved out, and with it 
the creatine and inosinic acid. If it is put into boiling 
v/ater the albumen is coagulated, and the juices are con- 
fined in the flesh in a great degree. If soup is to be 
made, the flesh should be put in cold water, and gra- 
dually heated ; if the meat is to be eaten, the meat should 
be put into boiling salt water, and the less water the 
better. 



From the complex articles of food we have noticed, 
we obtain all the materials that make up the animal 
frame; yet there are other materials that are used as 
articles of diet: salt, acids, spices, alcoholic liquors, coffee, 
and tea. These have already been noticed, individually. 
We need but add,' that salt is essential to afford soda for 
the blood, and chlorohydric acid for the gastric juice. 
Acids, spices, and alcoholic drinks, sometimes, perhaps, 
contain nutritious materials, but are mostly used, when 
properly used, as adjuvants to digestion. Coffee and tea 

What of the different modes of cook\tigt \?\\\!A. ^t ^^^Wi ^\A \%'^'^^ 
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contain highly nutritious materials, caffeine and other 
matters ; but as usually employed they play a subordi- 
nate part. 

Tea-leaves contain a large amount of casein, and when 
eaten, as they are by some Eastern nations, are highly 
nutritious. The temperature at which tea and coffee are 
drank exerts the most deleterious influence. 

The average wa^te, for 24 hours, of the nitrogenous 
materials of the human body is estimated at 5 ounces. 
That is, 5 ounces of flesh, brain, nerves, &c., are worn 
out in 24 hours, and new materials must be supplied by 
the food we eat, or the system wastes. 

To supply these 5 ounces, will require 



2 lbs 


. 1 


oz 


. of wheat flour. 


2 " 


9 




of corn-meal. 


4 " 


13 




of rice. 


1 " 


5 




of peas, same of beans. 


20 " 


11 




of potatoes. 


10 " 


6 




of cabbage. 


1 " 


11 




of tea. 


2 " 


1 




of coffee. 


3 " 


13 




of bread. 



Distribution of Food. 

(§ 769.) Nature has dispensed to all people a food 
appropriate to tlie climate they occupy. There is a 
most beautiful liarmony between the demands of the 
system, under varying climates, and the food nature 
supplies to satisfy the demand. The richness and va- 
riety of the vegetable kingdom, within the tropics, and 
the constant diminution of them from the equator to 
the polar regions, indicate plainly the intention of the 
Creator as to the wants of vegetable diet. Within the 
tropics the fruits are adapted to supply the wants of 
men, wliere little or no heat-producing element is re- 
quired. A'jimals are but little cared for as food. In 

articles of diet? What makes them injurious? What of the waste of 
nitrogenous materials in twenty-four hours ? How much of other food 
fo supply tire demand ? 
(g 769.) What of the distvibution of food ? What within the tropics T 
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the temperate climates the grains abound, and animals 
become articles of food, to give energy to people living 
in an exhilarating atmosphere. In the colder regions 
no vegetable food will meet the demands of the system 
for heat-giving materials, and the food becomes that of 
fat animals, which abound in the seas of those regions. 
The two extremes are, fruit-eaters in the tropics, and 
meat-eaters in the polar regions. The mean is occu- 
pied with people having the greatest range of diet, of 
both animal and vegetable. The hardier fruits are found, 
and animal food in perfection. In this region is found 
the physical, intellectual, and moral power of the race. 

To possess energy in a hot climate but little fat should v 
be used as diet. Lean meat, with vegetable diet, is 
evidently adapted to such a condition. Because the act 
of labor will create heat enough out of the least heat- 
giving materials. If we eat fat food, we become hot in 
doing nothing. 

Preservation of Food. 

(§ 769.) Any organic substance submitted to the action 
of the atmosphere, with the usual varying intensity of heat 
and moisture, will undergo decay. The elements of which 
it is composed will react on themselves, so as to give new 
combinations, with the assistance of the ordinary atmo- 
spheric influences. The rapidity of these changes is very 
different in different substances. Some of them, as cel- 
lulose, starch, &;c., would change very slowly ; while meat, 
milk, &c., would sustain the action of these influences 
but a few hours. The materials we wish to preserve as 
food, are such as undergo rapid decay. There are three 
conditions, especially favorable to hasten the process: 
1. A temperature of 70° Fah. and upwards to 100°. 2. 
Free access of atmospheric air. 3. The presence of water. 
No substance, used as food, will sustain the action of 
these conditions but a short time. It is the oxygen of 

In temperate climates ? In colder regions ? What of the extremes ? 
Of the mean ? Why should not fat be eaten in hot climates ? 

(j 769.) Under what circumstances will food decay ? What three cir- 
ciimsfances hasten decay ? What is the aclWfi Tj.^eu\,*l 

(i 770,) How can we preserve food \n its usAuttvX ^\.\j\^\ 
17* 
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the air tliat is the active agent in prodacing decay. Nitro- 
gen and carbonic acid, and the other elements of the 
air. are preservatives. 

(§ 770.) We either preserve food in its natural state, 
or change it in some degree for the sake of preservation, 
as in salting, cooking, &o. 

To preserve it in its natural state, exclusion of oxy- 
gen is alone essential. Hildebrand kept meat fresh for 
i long time by placing it in a sealed vessel, with either 
oydrogen, carbonic acid, or nitrogen. By the admission 
of the smallest quantity of oxygen putrefaction imme- 
diately commenced. Gay-Lussac expressed grape juice, 
•Mider mercury, so as to exclude the air, and received it in 
r glass vessel filled with mercury, and no signs of change 
cr fermentation manifested itself; but by the admission 
of a bubble of oxygen fermentation immediately set in. 
These facts show us the only condition required to pre- 
serve food fresh for an indefinite time, viz., the exclu- 
sion of oxygen. 

This end is accomplished commonly by placing the 
food in jars with some liquid, and heating the contents 
to boiling, and sealing while thus heated. The heat 
<lrives out the air, and fixes the oxygen on some portion 
of the materials, and supplies its place by steam. 

Exhausting the air by the air-pump, and having the 
vessel closed by a valve, is equally effective, especially if 
some other gas than air be let in a few times before seal- 
ing. The jar, filled with sulphurous acid, is an excellent 
preventive against the action of oxygen. The sulphite 
of lime accomplishes the same purpose, and in some 
resi)ects better, and for the same reason, that of absorb- 
ing the oxygen. Copperas would accomplish the same 
end, where it could be used without mingling with the 
food. So the binoxide of nitrogen. 

A low temperature is equally as effective as exclusion 
of oxygen. At a temperature below freezing, no change 
in organic materials will take place. Hence meats are 
packed in ice for preservation. 

What docB Hildebrand sayl NNViijtV did Gay-Luasao do? What d« 
these experiments show 1 Hew \a iUU ^LC<iQm^V»\\<8A.^ 
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(§ 771.) Preserving by antiseptics. Common salt is 
the common material used for preserving food, especially 
meats. It acts by abstracting the water, and by excluding 
oxygen, as this gas is not dissolved by salt water. It also 
combines with the most perishable material of the food, 
taking it out of the meat, thus altering its constitution. 
Hence, salt meats are less nutritive than fresh meats, and 
cannot be long and exclusively used as food. A small 
quantity of nitrate of potash, saltpetre^ is beneficial in 
hardening the external portion, and thus preventing the 
escape of so much of the juices of the meat. It also 
makes the meat retain its red color, and affords potash 
to the system, while the common salt affords an abun- 
dance of soda. Pork is not so much injured by salting 
as beef, from the fact that the fibres of muscle being sur- 
rounded by fat, which resists the penetration of the salt. 
Fat beef is less affected than poor beef, which latter 
becomes hard, dry, and indigestible. 

Charcoal powder is often used as a preservative of meat. 
It acts by neutralizing the foetid gases, by absorbing the 
materials as generated, and by saturating the acids formed 
in incipient putrefaction by the alkalies contained in the 
coal. 

Vinegar is extensively used as an antiseptic, and acts 
very much like salt water, but for the preservation of 
meats is less fitted, as it dissolves out more of the mate- 
rials of the meat. It is best fitted for the preservation 
of vegetables. Fruits may be preserved by laying them 
down in sugar in a jar, and the ferment in the juice of 
the fruit will convert the sugar into vinegar, and thus 
preserve the fruit. If air be perfectly excluded, hovr- 
ever, no such change will take place. 

Sugar is extensively employed as an antiseptic. It 
acts by taking out the water, and with it the mast piitres- 
cible matter, and surrounding the whole by an unaltera- 
ble substance when concentrated, and not subjected to 

(§ 771.) What is the most common antiseptic? How does it act? 
What effect on the meat ? What effect has nitre ? Why is not pork as 
much injured by salting as beef? How does charcoal powder preserve? 
How does vinegar? For what is it \)est lUe^l TLvsr isivs ^^^^'^^'^i^^ 
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the influence of certain exciting asencies, as acids and 
ferment. Sugar is mostly employed in preserving fruits, 
but it is no less beneficial as an adjuvant in preserving 
meats, and should always enter into the composition of 
the materials used for the preservation of meats. 

Fruits are effectually preserved when the sugar has 
thoroughly penetrated every part of the fruit, and the 
syrup is sufficiently concentrated. If this is not the case, 
tibe acid will convert the cane-sugar used into grape- 
sugar, and the unaltered ferment will produce its appro- 
priate eflcct, and fermentation will ensue, and '* cooking 
over'' is the necessary consequence. 

All the pungent spices or acrid vegetables are more or 
less antiseptic, and are aids in arresting decay when their 
presence is allowable. Pepper, spices, onions, garlics, 
mustard, &c., are adjuvants in preserving. 

Drying is effective in preserving where it is perfectly 
accomplished. Water is essential to rapid decay, and 
when it is perfectly abstracted decay is wholly arrested, 
or very greatly retarded. This is practised on fruits and 
meats. 

Smoke, however, is brought in aid of the preservation 
of meat. Smoke is unquestionably the best mode of 

K reserving meat, when it has been but partially salted, 
[ore of the nutritive portions of the meat are retained. 
It is the kreosote and acetic acid, produced by the smoth- 
ered combustion of the wood, that exerts the antiseptic 
influence; the kreosote especially. It is not a matter 
of indifference what kind of material is used to produce 
the smoke, as some yield much more kreosote and acid 
than others. The hard woods, as oak, beach, and hickory, 
are the? most suitable ; the last especially. 

(§ 772.) In South America, where they kill cattle for 
their skins and tallow, they prepare the meat, a sufficient 
quantity for consumption, by slicing it into thin pieces, 
rolling it in corn-meal, and drying it in the sun, or over 

preserved? How docs sugar act? AVhcii are fruits perfectly preserved 
by sugar ? When not ? Why ? What effect have spices, mustard, &c. ? 
What of drying? What of smoke? Why the best mode? What are 
the active nntiseptic8 in smoVcl 'V"?\iflLt'^oo^\^VV!L^\wk*t! 
(I 772,) What practice in Soutli Am«^^ 
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live coalb. It is called tasajo. It is rolled up into bun- 
dles, and when to be used is soaked in water, and is said 
to preserve all the qualities of fresh beef. It is sold to 
miners and travellers. The Arabs of Africa prepare meat 
in a similar manner. 

Pcmmican is dried lean flesh in powder, packed in 
cans, with the melted fat of the animal whose flesh is 
used. The buffalo meat is often put up in this way, and 
is prepared from beef for long voyages, containing a 
large quantity of nutritive matter in a small space. 

Digestion. 

(§ 773.) The process of digestion is almost entirely a 
chemical process ; the active materials brought in con- 
tact with the food, acting in the same manner out of the 
system as in it, provided the temperature and mechanical 
conditions are the same. 

The first step in digestion is mastication (chewing), 
which accomplishes two ends, the breaking up of the solid 
materials of food, and mixing the food with saliva. 

(§ 774.) Saliva is a substance secreted by three pairs 
of glands. The parotid glands situated at the angle of 
the jaw, in front of the ear, secretes a large part of the 
saliva. The fluid, secreted by these glands, may be 
taken as a type from which the others vary in some 
particulars. It is a colorless liquid, alkaline usually, 
not mucous, containing in minute quantities potash, soda, 
lime, and a substance called ptyalin. This Ls considered 
the most important element of the saliva. The salts of 
lime, potash, and soda, contained in the saliva, make the 
"tartar" on the teeth. Speaking or chewing excites the 
parotid glands. 

The sub-maxillary glands^ under the sides of the jaw, 
secrete a mucous saliva, that envelopes the bolus of food, 
when about to be swallowed. 

What in Africa ? What is pemmican ? 

(J 778.) What is said of the process of digestion ? What is the first 
itep in digestion ? What two ends accomplished ? 

(J 774.) What is saliva ? What is said ot lVv<i v^T^W^i ^%\i\\ ^V-oN. 
Mn it§ propertieB f What does it contamt '?i\i«X oi VVi^ %>aXi-\sv^%:^"K«^ 
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The sub Ungual glands, under the tongue, secrete a 
saliva like the parotid. 

The saliva, taken as a whole, possesses chemical pro- 
perties, that no one of the diflFerent kinds possesses by 
itself. The saliva, as a whole, acts upon the starchy 
portions of the food, converting them into sugar, which 
no one of the secretions separately will do. The saliva 
exerts no influence on any other portion of the food. 
Putrifies readily. 

The starchy portions only of the food commence their 
digestion in the mouth. 

(§ 775.) When the food is swallowed, it meets in the 
stomach the gastric juice. 

The gastric juice is a substance secreted by follicles in 
the walls of the stomach. It is a clear liquid, nearly 
colorless, a slight salty, acid taste, does not coagulate on 
boiling, and undergoes putrefaction slowly. 

It contains a substance called pepsin^ which possesses 
the property, with the other elements of the 'gastric juice, 
of dissolving the nitrogenous compounds of the food. 
This is the most important action of the gastric juice. 
There is also present in the gastric juice free chloro- 
hydric and lactic acids, which are essential in the process 
of digestion. The gastric juice has no effect on the amy- 
laceous (starchy), saccharine (sugary), or oily materials 
of the food. Its action is suspended or retarded by heat 
or alcohol ; hence hot or strong alcoholic drinks should 
be avoided ; 120° arrests it entirely. Tea and coffee are 
often drank hotter than this. 

The food, under the influence of the gastric juice, be- 
comes a semi-fluid mass, under the name of chyiiie. The 
quantity of gastric juice secreted in twenty-four hours is 
very great. It has been estimated as high as 14 or 15 lbs. 
The gastric juice contains about If per cent, of solid 
— — » — 

glands? What of the sub-lingual? What of the salira as a whole? 

On what portion of the food does it act ? 

(^ 775.) What is the gastric juice? lis properties? What does it 

contain ? What else is present ? On what only does the gastric juice 

act? What suspends or retards the action of the gastric juice ? ' What 
13 chyme ? IIow much gastric juic^ ia thought to be secreted in twenty- 
four hours ? How much solid m&U^t m l\i^ |(,M>\.t\Q ^vivi^l '^\».\.^».\ut 
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matter, which, besides pepsin, contains alkaline and 
earthy chlorides, and phosphates. 

Heat and motion are the two essential conditions of 
the solution of food. 

(§ 776.) Nature of pepsin. Wasmann first isolated 
and examined pepsin. He obtained it by digesting the 
mucous membrane of the stomach in cold water, and 
evaporated the solution. A substance resembling glue 
in odor, of a viscid consistence, was obtained. It is pre- 
cipitated by alcohol, acetate of lead, and tannin. It dis- 
solves nitrogenized materials of food with proper condi- 
tions. It forms with lead a peptate of lead, which may 
be decomposed by sulphohydric acid, and the pepsin ob- 
tained pure. In this condition it does not digest. By 
the addition of a small quantity of chlorohydric acid or 
lactic acid it digests. It seems to act like a ferment, in 
citing the action of the acids to dissolve the food. 

Artificial pepsin is prepared and sold by druggists, 
and is taken by dyspeptics. Tliat there is really much 
virtue in any of these compounds, as pepsin, we have 
no faith. When we consider the amount requisite to do 
much gocxi, and the uncertain character of these prepara 
tions, but little reliance can be placed upon them. 

When the food passes out of the stomach into the duo- 
denum, the starchy portions of the food have commenced 
to be digested, the nitrogenous portions more completely 
so, but the oily portions have undergone no change. 
Here the chyme meets with the hile, and the pancreatic 
fluid. 

(§ 777.) The pancreatic fluid resembles the saliva. It 
possesses the property of converting starch into sugar, 
and by its influence the balance of the farinaceous por- 
tions of the food is digested. 

What conditions essential to the solution of thfe food ? 

(J 770.) Who first isolated and examined pepsin? How did he obtain 
it? What are its properties? Hqw obtained pure? Does it digest? 
What is necessary ? How does it seem to act ? What is said of arti- 
ficial pepsin ? 

(2 777.) What is said of the pancreatic fluid? AVhat property does it 
possess ? 
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(§ 778.) The bile is a mucous fluid, of a green or 
brown color, bitter taste, generally alkaline. When it 
contains mucus it putrifies readily; when it does not, it 
is permanent. 

The action of the bile is, in a great measure, on the 
fats contained in the food. Whether it produces their ab- 
sorption by dissolving them chemically, or by so acting 
on the absorbing surface of the alimentary canal, as to 
allow of the absorption of the fat, is not well determined; 
perhaps it acts in both ways. 

The bile is a very complex substance, containing seve- 
ral well characterized chemical compounds. 

Choleic acid, C52H43NO12, is one of the constant consti- 
tuents of bile ; is a colorless solid, about the appearance 
of gum. It is united with soda in the bile. 

Taurocholeic acid, G^o^i^^fS^Ou. This acid is met 
with in the bile of the ox, and forms almost exclu- 
sively the bile of fishes, combined like the preceding 
with soda. 

Hijocholcic acid is found in the bile of the hog, and 
forms the principal part of it. 

(§ 779.) Digestion terminates in the production oi chyle. 
This fluid is found in the thoracic duct, and in the vessels 
leading to it. It is the incipient blood. Although not 
of a red color, yet it possesses many of the properties of 
blood. It is nearly milk-white, varying from a yellowish 
to a pinkish hue, depending on the state of digestion. It 
is slightly alkaline; coagulates slowly; the coagulum 
being small in quantity. The chemical constituents 
nearly the same as of the blood. 

The chyle mingles with the blood of the system by 
entering the subclavian vein, through the thoracic duct, 
and goes to the right side of the heart, and, with the 
venous blood, goes to the lungs for aeration. 

(2 778.) What is the bile? Properties? On what does it act? How 
does it act ? What is choleic acid ? What of taurocholeic acid ? What 
of hyocholeic acid? 

(J 779.) IIow does digestion terminate? What are the properties of 
chjfle ? What becomes of the chyle ? 
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Blood. 

(§ 780.) The supply of the animal system with new 
materials, or the replacing of worn-out ones, is entirely 
through the agency of the blood; it being supplied with 
the appropriate materials from the food. Tlic blood not 
only conveys nourishment to all parts of tlie body, but 
carries off all the worn-out materials. It is a thick liquid, 
alkaline, heavier than water, of a bright scarlet color 
{arterial blood), or of a dark red color (venous blood)] coagu- 
lates when drawn from the system. When it coagulates 
it separates into a dark red mass (the clot or crassamen- 
tum)f and a slightly-yellowish liquid {the serum). There 
are two kinds of blood, as above indicated ; one carrying 
materials of nutrition to all parts of the body, and is 
the arterial blood. It is of a light scarlet color, and is 
driven from the heart through the arteries. The other 
carries off the worn-out materials, is of a dark red color, 
the venous blood, and runs through the veins to the 
heart. 

(781.) The blood is a very complex substance, as we 
might readily suppose, as it must contain all the elements 





Einptical blood discs of reptiles. 



Blood-corpusclee: in man. 



(J 780.) What is accomplished by the blood? What are its proper- 
ties ? How does it separate ? Office of the arterial blood ? Office of 
the Ycnous blood ? 

(2 781.) What is said of the complex cl\aTaL<it.<st q^ Wv^ViV^^^^^ '^V-siSv. 
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of nutrition. T he materials for bones, flesh, brain, hair, 
horns, teeth, and numberless others are all in solution in 
tlie blood. As milk contains floating in it innumerable 
globules, so the blood contains in it numberless blood- 
corpuscles. In man they are flat, and circular, and len- 
ticular discs, in many other animals they are ellipsoidal. 
In man they are smaller than in most other animals. 

In 100 parts of blood there sxje 79.345 parts water, 
and 20.455 parts of solid matter. The solid portion con- 
sists of albumen 3.94. fibrin 0.2025, haematin and glob- 
ulin 12.871, cell-membrane 2.07, fat 0.200, extractive 
matter 0.327, mineral substances, except iron, 0.84. 

^riicse mineral substances are chlorine, sulphur, phos- 
phorus, potassium, sodium, lime, and magnesia. 

(§ 782.) The different colors the blood assumes in the 
veins and arteries are supposed to depend on the shape 
of the blood discs, altered by mechanical means. When 
the vesicle is distended it is dark, when contracted it is 
lighler, by the eft'ect produced on the light. It is said 
oxygen tends to contract the membrane of the blood- 
corpuscles, and carbonic acid to distend them; hence, the 
liirht color of the arterial blood after the oxygen of the 
air has acted upon it, and the dark color of the venous 
bl.H:> 1 loaded with carbonic acid. It must not be supposed, 
however, that all the changes of color in the blood are 
duo to these causes. The action of the oxygen on the 
coloring-matter chemically produces a change, as docs 
ca phonic acid. 

(5 783.) The blood-corpuscles contain the coloring-mat- 
ter of the blood (hivmatin), G^^H.^.^ J^eFe. 

JLvmatin is a brownish-black, tasteless and inodorous 
powder, as obtained from the blood; insoluble in water, 
alcohol, ether, or oils; burns, leaving peroxide of iron. 
1'he iron may be separated from the hsemati7i, but the red 



is produced from it ? What is the shape of the blood corpuscles ? AVhat 
is the constitution of the blood? Of what does the solid portion con- 
sist ? Of Avhat mineral substances ? 

(^ 782 ) On what does the color of the blood depend? How ex- 
plained ? Is all the color dependent on this? 

(g 78;] ) What is haematin ? Properties of hajmatin? Is the iron 
es.H'iiiial to tlw color r 
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color 13 not destroyed. The state o^ the irorf in tlx& 
ktv77ial<n is a matter of doul)t, whether it exists in nie* 
tallic iron or in the state of a peroxide. 

(S 784,) GlobttUnf also called crj/slalUtij is the fluid 
material of the blood- 
ed b, and forms most 
of the crystalline lena 
of the eye, resemhl&s 
casein, is crystalliza- 
ble. The hlood-discs 
am aiU of a line in 
diameter, and in a 
cubio half-line there 
have been estimated 
4,600,000 blood-cor^ 
pnscles. They vary 
in size, being much 
larger in the lower 
animcJs. Tlie cause 
of the coagulation of 
the blood is the con- 
version of the fluid fibrin, while in the living animal, to 
a solid, when no longer under the influence of Jife. When 
the fibrin coagulates, it entangles the blood-corpuscles in 
it, and by its contraction it presses out the fluid portion, 
which makes the serums consisting mostly of albumen 
in solntion. 

In some diseases the fibrin is nearly free from blood- 
globules on its surface, and it has received the name of 
the Bufft/coaL This is the case in infiammatory fevers. 

In cases of death, by some diseases, by some poisons, 
or by lightning, the blood will not coagulate. 

The functions of the blood-corpuscles are not very 
well determined. They undoubtedly have a direct rela- 
tion to assimilation^ and to the process of respiration. 
There are colorless corpuscles in the blood, whose charac- 
ter and functions are not well understood. 




Crjitalff fmtR hutujm blocd. 



(^ 784,) What is globulin? Whut is the size yf Llie blaod discs f 
Wimr U the cause ot tliE coaguli^lion of tlia blood? flow esplniQCd ? 
Wliat product?^ tho biiily coat? Wlint is the tautjiicm q£ tUe blo^d-cft^- 
puBcles * Whftt is a aid of c^Wrkss coTpw?t\eat 
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The amount of blood in the system is usually esti- 
mated at between 20 and 30 lbs. 

The blood usually emits an odor; and this odor is 
j)eculiar for each species. Sulphuric acid, added to the 
warm blood, makes the odor most decided, especially 
with the blood of the cat, dog, sheep, or goat. The 
nature of the odor is not determined, but is probably 
owing to a volatile fat acid. 

Eespiration. 

(§ 785.) We have already had occasion to give some 
facts on this subject, under Oxygen, § 37, and under the 
Atmosphere, § 160, but these are merely incidental. 

The philosophy of respiration is of the highest inte- 
rest. It comes home to the daily experience of every 
individual, and has a most important relation to our 
daily habits a;id mode of living. To accomplish all that 
respiration was intended to accomplish is the experience 
ot but few individuals. 

The great object of respiration is to consume the worn- 
out materials of the body. To remove, by burning them 
up, the useless and often deleterious remains of worn-out 
tissues. 

The tissues are destroyed by the various means which 
we enumerated as the causes of the demand for food. 

It is most emphatically a chemical process, and all the 
details of respiration demand explanation of the chemist. 

That the end of respiration, above indicated, may be 
accomplished, the blood must be brought in contact with 
the air. In all organized beings there is a way arranged 
l)v which the nourishing fluids are brought in contact 
with the air. This is true of plants as well as animals. 
The means is sometimes very simple, being accomplished 
by the whole surface of the body ; at other times it is 
very complicated, as in the higher animals, as man. It 
is to human respiration, principally, that we shall devote 

What amount of blood in the system ? 

(I 78').) What is said of respiration? What is the object of respira- 
tion ? How nrc the tissues destroyed? IIow is the object of respira- 
ihn accompliBhed ? >VUat la arr^LW^ft^ m ttX\ Qx^^Txvu^^Xiw^^^t 
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wliat space we have at our command for this topic. To 
discuss the numberless variations of the respiratory appa- 
ratus from Protozoa, consisting of a single cell, through 
the zoophytes, acalephsB, brachiopoda, annelida, insects, 
crustaceae, fishes, amphibia, birds, and mammalia, would, 
require a treatise instead of a few pages. They must all 
breathe ; but the arrangements to accomplish this object 
have a thousand variations. 

(§ 786.) In man, and in the higher animals, respira- 
tion is accomplished by lungs. The human lungs consist 
of innumerable minute cells, or vesicles, which open 
outwards towards the mouth by minute tubes, which 
coalesce, and increase in size until they are all united, 
forming the trachea, or windpipe. These cells are of 
extreme minuteness, varying from yj^ to 70 of an inch 
in diameter, and in number have been estimated to be 
six hundred millions. The object of this great subdivi- 
sion is to increase the surface on which 
air can act. 

If we have an empty box, the surface 
is simply the outside and inside, but if we 
put a partition into it, we now not only 
have the same surface we had before, but 
the two sides of the partition, and we have 
two cavities instead of (me; so, if we 
should put in more partitions we should 
get more surface. The surface thus gained, ^^ 
by subdividing the lungs, is more than 
thirty times the whole surface of the 
body. 

It is impossible to represent, in a 
figure, the real subdivision of the lungs, 
but only the general character of it. 
The annexed figure represents one lobe 
of the lungs ; the manner of its subdi- 
vision. 




[l 786 ) How is respiration accomplished in man? Of what do the 
lungs consist ? What of the size of these cells ? Why so greatly sub- 
divided ? How much surface does it make ? What have these Yesicl&s 
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The next figure represents a portion of the lungs, witb 
vesicles attached. These vesicles have distributed on 
them arteries bringing the blood from the right 
side of the heart, with the minutest subdivisions, 
and where the arteries end, the veins arise to 
carry the blood back to the left side of the 
heart. In the passage over the vesicle the blood 
changes from venous to arterial blood, giving 
out carbonic acid and absorbing oxygen. 
The blood does not come in direct contact 
with the air, but the action takes place through the walls 
of the vesicles, the principle of which has been explained 
under Diffusion, § 151. 

(§ 787.) Relation of inspired and respired gases. If 
the amount of oxygen inspired was exactly equal to the 
carbonic acid expired, we might be led to suppose that 
all of the oxygen was consumed in burning up the car- 
bon. But the consumption of hydrogen in the fats and 
hydrocarbons, and the changing of other matters, requires 
much of it. The chemical changes produced by respi- 
ration do not take place in the lungs. A simple inter- 
change of gases takes place there. The changes take 
place in the tissues that are undergoing change. Where 
there is not activity there is no change. 

(§ 788.) The proper performance of all the functions 
of the body is dependent on the proper and complete 
performance of the function of respiration. If this is 
imperfectly accomplished, none of the others can be fully 
sustained. All depend on properly aerated blood, on a 
complete eliminiition of the carbonic acid, and the full 
absorption of oxygen. To accomplish these ends the 
lungs must have full play ; they must not be compressed, 
or impeded by ligatures. 

distributed upon them ? When does the blood change from venous to 

arterial ? Does the blood come in contact with the air ? 

(^ 787.) Is as much carbonic acid eliminated in respiration as oxygen 

consumed ? What becomes of the excess of oxygen ? Do the chemical 

changes take place in the lungs? Where? 
^ (^ 788 ) On what arc all the proper functions of the body dependent? 

Whsit if this is imperfectly performed? On what do all depend? To 
accomplish this what must the lungs have ? 
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It is equally essential that abundance of pure air 
should at all times be supplied; to tbe sick as to the 
well. Close rooms, confined places, a loaded atmosphere, 
are unsuited for healthy respiration. 

(§ 789.) The respiration is graduated by the physical 
power we exert, all things else being equal. The quan- 
tity of air respired under ordinary circumstances is about 
400 cubic feet in 24 hours. The quantity is much less 
during the night than during the day. The quantity 
greatest after eating; more in standing than in sitting; 
more in sitting than in lying; more in exercise than at 
rest. Stoopin g diminishes it. Light increases the quan- 
tity, darkness diminishes it. From the above experi- 
mental facts we learn that respiration is promoted by an 
erectposture, out-door exercise, and in the daytime. 

Bones. 

(§ 790.) Bones consist of organic and mineral mat- 
ter. The former making up about 40 per cent., consist- 
ing of oil and gelatin. The earthy part consisting of 
about 50 per cent, of phosphate of lime ; carbonate of 
lime about 8 per cent.; fluoride of calcium {Derbyshire 
spar, fluate of lime), 1 per cent. ; other salts about 1 per 
cent. 

The arrangement of this bony matter is very curi- 
ous, and each class of animals has its own peculiar 
mode, so tliat by a minute fragment of bone, by the 
aid of the microscope, we can readily tell to what class 
of animals it belongs, and in many cases the very 
species. 

The bones are traversed by canals called haversian 
canals, and through its mass are arranged lucunoe, which 
are connected by minute channels, • called canaliculi; 
thus the bone is traversed in its most solid parts by 

(I 789.) By what is respiration graduated? What quantity of air is 
respired ? If ow docs it vary at different times, and under different cir- 
cumstances ? 

(J 700.) Of what do bones consist? How much animal? Of what 
does the earthy part consist? What is the arrangement of this bony 
part ? What of the relative proportions of the eanU'j ^«ut\."& \\:l ^\^>8x««X 




408 UBKA. 

innumerable cbannek. The figure will sbow tbe general 
i structure, made by a section. 
* The higher the animal is in the 

scale of being, the more phosphate 
(/ of lime in the bones ; the lower it 
is, the more carbonate. Man has 
\ the most phosphate, the coral the 
carbonate. 
\ It may be asked how these solid 
materials were taken up by the 
plant, and transferred to the 'ani- 
mal. The answer is easy. The 
rain that falls is charged with car- 
h. h. ucunv. bonic acid, and water so charged 

cc. cauaiicuii ^jn dissolvc somc fluonde of cal- 

cium, more phosphate of lime, and more still of the car- 
bonate. By this means they are carried to the plant, 
woven into the constitution of the food, prepared for the 
animal kingdom, and by them appropriated to give them 
a strong frame. 

The animal part of bones is gelatin, previously de- 
scribed (§ 741). By digesting bones in dilute chloro- 
hydric acid, wc obtain the tissue of gelatin isolated. 

Urea. CalliN-iOa. 

(J 7in.) Urea is one of the principal products of the secretion of the 
kiiiiH\vM, and constitutes the most part of the solid products of the urine. 
Tho (luanlity, however, is subject to very great variations. From 2 to 3 
per oonl. is the common quantity in healthy individuals. Nitrogenous 
food iuoroaHt'H the urea. 

PropertioH. Urea crystallizes in needles or in flat four-sided prisms, 
doponding much on the rapidity of the crystallization. It has no smell; 
miliUh Ittsto; soluble in water and alcohol; is neutral. 

I'roa it« prowared by the changes produced on many of the nitrogen- 
ou?* oo»»poundj*. Wohler obtained it by the union of cyanic acid and 
ttunuonlrt. and it is very often produced in the natural and artificial 
ohun^to!* juHuiuood on organic compounds. 

1 1 l»u!* bt»t»u found in many of the animal fluids. In the bile, blood, 
mlU, uiul ovon in tho chyle and lymph. It is undoubtedly formed in 
I ho li.Hsuo!*, wht>iH> tho nitrogenous compounds are formed into urea by 



uuiuu^U! How wore those materials taken up? How may the earthy 
J»HVl of bouo.i bo tukou out? 

{} 7UI.) >Yhttt i< 8uid of urea? What of the quantity? What food 
iiUUVM^Oai it ? What i^vij \ta ptoi^wU^iat '5twa.'<«VvaA, may urea be ob- 
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fiimple oxjdation. It is perhaps the most abundant product in the de- 
struction of the muscular system, if not of the other tissues of similar 
constitution. 

It is isomeric with cyanate of ammonia. Ammonia == NHs, Cyanic 
acid = NCiO, which, with one atom of water, makes CsHiNsOj, Urea. 

Preparation* It is easily prepared by 28 parts of yellow prussiate 
of potash, 14 parts of peroxide of manganese, both reduced to. fine 
powder, and mingled, and heated to low redness. Dissolve the mass in 
water. Add 20J parts of sulphate of ammonia. Sulphate of potash is 
deposited. Evaporate the liquid to dryness, and dissolve in alcohol, 
and by the evaporation of the alcoholic solution urea is obtained. 

(I 792.) Uric acidynnlic acid, lithic acid. C&HN2O3 -f HO. This 
is also found in the urine, but in much smaller quantities than the pre- 
ceding. The excrements of birds, snakes, lizards, snails, turtles. Sic, 
are almost entirely urates, or uric acid. The urates are more com- 
monly those of ammonia, as in guano. The excrements of large ser- 
pents are nearly pure urate of ammonia. Uric acid is most readily 
obtained from these substances, by sulphuric acid. 

Properties* It is white, tasteless, inodorous; scarcely soluble in 
water ; reddens litmus. 

Horny Tissul. 

(§ 793.) Under this head we include horns, hoofs, 
claws, nails, whalebone, epidermis, and turtleshell. The 
substance supposed to be the basis of these was called 
kd-atin. They have common characters, although in 
composition and structure there is more or less varia- 
tion. They all proceed from cells (different from other 
cells), which more or less dry up, and are agglutinated 
together by a substance not well understood. They all 
contain a large quantity of sulphur, in combination with 
a nitrongenous material belonging to the protein class. 

Concentrated alkalies disintegrate these tissues, so that 
by washing off the potash or soda, the cell character of 
each may be determined by the microscope. Horn and 
whalebone appear in fibres and plates, but both may be 
resolved into cells corresponding to the other varieties. 
Concentrated sulphuric acid will also reveal the cell 

tained? Where has it been found? When formed? Isomeric with 
what ? How may it be prepared ? 

(g 792.) When is uric acid formed ? When in large quantities ? Pro- 
perties ? 

(§ 793.) What is included under horny tissue ? What is their origin ? 
What element do they all contain in large quantities ? How do alkalies 
and acids afifect them ? 
18 
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structure of this class of bodies. These substances con 
tain about 1 per cent, of ash. 

Horn has in 100 parts, C51.0S, Hg^, N16.24, O^jji, S3.42. 
The horns of the deer do not correspond with the above, 
but are more more nearly analogous to bones in compo- 
sition. 

Hair. 

Hair consists of three distinct substances, the cuticle^ 
the cortex, and medullary substance. The cuticle con- 
sists of plates lying over each other, like shingles on a 
house. These plates or scales are flattened, normal cells. 
They are insoluble in acids or alkalies, thus differing 
from other similar compounds. The cortical part of the 
hair is the most abimdant portion, and is acted on by 
the strongest acids and alkalies, and reduced to the cell 
shape, which in the outer portions of the hair are long 
fibrous cells. In this fibrous portion there are cavities 
filled with air, and pigment granules, which give color 
to the hair. The medullary portion is composed of 
angular or round cells. 

The chemical constitution of the hair does not difier 
greatly from that of the above group. 

Bristles and wool differ but little from hair. Feathers 
have less resemblance in their chemical composition; 
having less oxygen, and more of the other elements! 

(J 794.) Of what does hair consist? Of what does the cuticle con- 
sist ? What the cortical part ? What gives color to the hair ? Of what 
is the medullary portion composed ? What is said of bristles and wool 7 
What of feathers! 



OUTLINE 

OP 

QUALITATIVE ANALYSIS. 



(2 795.) Bt qualitative analysis we determine the different substance! 
that enter into the composition of every body ; these substances being 
indicated by certain characteristic appearances, when particular tests 
are presented. It enables us to determine simply the presence of a sub- 
stance, and not the amount. 

a 796.) Substances are presented to us, for analysis, either as liquids 
or solids. If it is a liquid, it is evident that we exclude from its com- 
position all insoluble substances. If it is solid, and we thoroughly sub- 
ject it to the action of water, it is equally evident that the residuum has 
excluded from its composition all substances soluble in water. 

a 797.) If the substance is fluid, and we had a test for every soluble 
substance, and should commence applying them one by one indiscrimi- 
nately, we might possibly soon discover the composition, or we might 
only after a long and tedious series of trials arrive at it. But we have 
no such tests, and we may, by well laid-out roads, go directly to a know- 
ledge of the composition of any liquid not containing organic bodies. 

(J 798.) When a liquid is presented to us, we have two classes of sub- 
stances to look for: bases and acids; and so far as our object extends, 
in this outline of analysis, we shall only look for those that are most 
common, not encumbering our reasonings with bodies that will be met 
with but very rarely, and then only in minute quantities. If we in- 
tended to give a complete treatise, it would be best to give this outline 
fi. st, and then fill it up. 

(J 799.) There are three general tests, that, by their reaction with 
bases, enable us to divide the bases into four classes. 

These tests are sulphuretted hydrogen (HS) ; hydrosulphuret of ammonia 
(NH^SjHS); and carbonate of soda^ or carbonate of ammonia (NaO,COi, 
2NHfc3CO«). 

({ 800.) Sulphuretted hydrogeUy passed thxow^ add ^^x^NXaTSL'^^ \a».^^ 
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acid by chlorohjdrio »cid, of Aesshio, Avtimont, Coppbr, Bismuth, 
Lkad, Mebcubt, Silykb, and Tisr, produces precipitates of the sol- 
phurets of these metals. These metals then may eonstitute the First 
Orovp. 

({ 801.) Jlydrottdphurtt of ammonia will produce precipitates of sol- 
phurets or oxides, from neutral solutions of Aluminum, Chromium, 
Cobalt, Ibob, Maboanbsb, Nickel, and Zikc. These may constitute 
the Second Oroup, If a solution of this group contains an excess of 
ohiorohydrio acid, sulphuretted llydrogen produces no effect. 

({ 802.) Carbonate of ammonia, or carbonate of soda, throws down 
precipitates as carbonates, from solutions of the following substances : 
B A ETTA, Limb, Maonbsia, and Stbontia. These may constitute the 
Third Oroup, 

The two preceding tests have no effect on these solutions. 

({ 808.) A Fourth Group includes those solutions that are not affected 
by any or all of these tests. This group includes Ammoitia, Potash, 
and Soda. 

({ 804.) If we hare a solution presented for testing for bases, we 
drop a few drops of HCl into it, so as to gire the acid test. If the UCl 
gives a precipitate, one of the metals, silver, lead, or mercury, is pre- 
sent, if an excess of the acid vnll not dissolve the precipitate. If ammo- 
nia dissoU'es it, silver is present. If the ammonia blackens, but does not 
dissolve it, mercury is present. If unaffected by the ammonia, lead is 
present. Then pass through it a current of HS. If a precipitate is 
formed, we know we have a metal of the first group ({ 800). If no pre- 
cipitate is formed, we take a neutral solution, and add to it a solution 
of hydrosulphuret of ammonia, if a precipitate is formed we have a 
iiietAl of the second group (J 801). If no precipitate is formed, we 
advl I solution of the carbonate of ammonia, if a precipitate is formed 
vro hnve a metal of the third group (J 802). If no precipitate is formed, 
and a wait is present, we conclude we have a base of the fourth group 

\l ^\^.\ A preliminary step, to determine whether we have anything 
in »\'\ution v>r not« is best to bo taken. Take an ounce or two of the 
Mutvl, tu uu eTa|H>ratii\g dish, and evaporate it to one-tenth or less of 
it« oii^\)\»\ t\u\k, and then take a few drops of this on a piece of platina 
tVvl, mul if »n,v suit is present it will form a crust on the foil, when 
e\>\)'\^Hted over the tlamo of a spirit-lamp, unless it is some salt of 

\\ 8^H^ \ \\\ eouiuienoing the analysis of a liquid. 1st. Take the spe- 
v»rtv» ^\a>U,v. 
'M XyyU liUwu* \vkVH^rs, to see whether it is acid. If not acid, apply 
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If acid, it is so from some free acid, or from some acid salt or the 
salt of one of the heayy metals. 

If alkaline, it is so from a free alkali or alkaline earth, or from an 
alkaline carbonate, as of potash, soda, or ammonia. If neutral, the 
absence of acid salts is indicated. 

If it gives an acid reaction, apply to it a few drops of carbonate of 
soda, and, if it is a free acid or an acid salt, it will remain clear, but 
if a metallic salt is present, it will form a precipitate. 

(2 807. ) Should we find any metals of the first group present, they 
must all be separated, by passing SH through the liquid, acidified by 
HCl, till some of ihe filtered liquid is no longer affected by the gas. 
The whole is then filtered. The liquid is then made neutral, and tested 
for the second class ' by the HS, Am, and if any is present all must be 
separated, by adding enough of the hydrosulphate of ammonia to pre- 
cipitate all. Then all the metals of the third and fourth groups are 
then tested for. The metals of the first and second classes are then 
dissolved in acid, and tested for as directed below. 

(2 808.) Having determined to which group the base belongs, we may 
direct our attention to the determination of the particular substances 
present. 

(I 809.) Taking the First Group, If the precipitate formed by sul- 
phuretted hydrogen is black or brown^ lead, copper, protoxide of tin, 
bismuth, or mercury may be present. If the precipitate is lemon- 
yellow, the base is arsenic or peroxide of tin. If the color is orange, 
.the base is antimony. 

(2 810.) If we examine the black precipitates, and apply to portions 
of the original solution the following tests, we shall determine the par- 
ticular metal present. The solution may be concentrated by evapora- 
tion. 

If a rich blue is produced by the addition of ammonia, copper^is pre- 
sent. If a white precipitate is formed by sulphuric acid, lead is pre- 
sent. If potash causes a yellow precipitate in the original solution, 
mercury is present. If some of the solution be evaporated with HCl 
nearly to dryness, and then thrown into a test glass of water, and a 
white precipitate is formed, bismuth is present. To a portion of the 
liquid add a solution of corrosive sublimate, and if a whitish precipitate 
is produced, tin is present. 

(J 811.) If a yellow precipitate was formed by sulphuretted hydro- 
gen, then add to the original liquid, or a concentrated portion of it, 
ammonia, and if no precipitate is occasioned the metal was arsenic; if a 
white precipitate is occasioned, then peroxide of tin was present. 

(2 812.) If sulphuretted hydrogen produced no test, but hydrosul 



414 



QUALITATITE ANALYSIS. 



phuTct of ammotiiA did^ then we huTe the gecoiid group to determine 
the prirficular h&nG. Add rv Uitle ammonia to the or^gmul aolutlon, s^d 
then Add bjdrosulphuret of Rmmonia. If the pTecipitat« Is blacky trm, 
niekd, or eobatt ia present. Add a little catistifi potash, and if ihe pre- 
cipitate 19 a reddish rust color^ it is peraxide of ir^n * if it is greeniab, 
ftnd tiirna red bj eipositre, it m the jprotoxide qfiron ; but if it doea not 
cbunge bj eipoHure from its pale green color, it is nickel. If the pre* 
dpitftto is pale blae, it is cGbalu 

If the hjdroaulphuret of iLmmonia produces a pink precipitato, it ii 

(j 813.) If the precipitate is white or colorle^^t it is alumina or rmc; if 
ammonia dissolves the precipitate, It is nnc; if it does not, it is alumine. 

If the precipitate of bydrosulphuret. of anuaonia is grcon, the met&l 
is cfiTOmium. 

(I 614,) If the sulphuretted hydrogen and hydrcsulphumt of ammonia 
produce no precipitate, we then apply the carbonate of ammonia tcEi 
If tUia produces a precipiiatcj some one of the third group must he pre- 
senL Oxalate of ammonia added to a portion of the original solution, 
if it gives a white precipitate, lime is present. Add to thi« solutiont 
aft<M* the lime is precipitated, a little ammoola, and then a solution 
of phosphate of ammonia, and if a precipitate appears, ma^netta is 
present. 

(} 815.) if to the original solution sulphate of lime be added, and a 
precipitate is produced immediately, haryta is present. If the preoipi- 
t4te appears slowly^ stronUa is present, 

(I filU.) If the preceding tests produee no effect on the iolution, we 
infer that gorac member of the fourth group forms the base, Conceo- 
tniLe a portion of the liquid, add a little eaustic pota:$h, and if ammonia 
is present, it ts rendily detected, if the materials are mingled and heated 
in a Icst-tubeT by the pungent ammoniacal odor. 

If ammonia is not present, add to it a concentrated solution of ptii- 
titmm, and if potash is present a yellow precipitate is formed. If none 
of tlie abOTo tests have any effect ^ we may infer that tada is the base, 
which may ho confirmed by evaporating some of the liquid to dryness, 
on a piece of platina foil, and if it gives a yellow color before the bbw- 
Hipe flain^, it is aorfa. 

(I 817,) Having determined the base, it remains for us to Gxamlae 
ftwr the pwHli^ular aotd with which it may he combined, if with any. 

tA mottl case*, in testing for acids as well as for bases, the liquid 
•huuM h« mijre or less (^oncDnt^ated by evaporation. This shoiild be 
d^m* «ar«Ai1^, «nd *l a moderate temperature. No part of ihe vessel, 
In W^Stf^ lh« «Y«|»«T«li<»«i ii going on> should ever rise abore boiling 
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water, hence it should be done in a water bath. Changes might be pro- 
duced by a higher temperature, especially in organic acids. 

(2 818.) To determine whether the acid is organic or inorganic, eya- 
porate some of the liquid to dryness, and heat it to redness, and if it 
turns black or emits any odor it is an organic acid. 

(I 819.) Apply to a concentrated solution dilute nilphurie aeidy and 
heat it in a test-tube. If gas rises, it is probably carbonic acid, if it is 
inodorous ; tulpkuretted hydrogen, if it has the smell of rotten eggs ; nd- 
phurous acid, if it has the smell of burning sulphur ; eyanhydric, if it 
smells like peach blossoms ; hypochlorous, easily determined by its pecu- 
liar odor, and by its bleaching ; acetic^ if it has the smell of yinegar. 

(2 820.) Add to the original liquid nitrate of baryta or chloride of 
barium. If it produces a precipitate, it is probably one of the following 
acids : tulphuric, phosphoric, boracic, oxalic, tilic, fluohydric, tartaric, or 
citric, 

(2 821.) If chlorohydric acid does not dissoWe the precipitate, it is sul- 
phuric acid. 

Add to the original solution chloride of calcium, and if a precipitate 
is formed put into the solution chloride of ammonia; if it dissolres 
the precipitate it is boracic acid, if inorganic ; and tartaric or citric, if 
organic ; if it is an organic acid, and a little potash causes a precipitate, 
it is tartaric, 

(2 822.) If the precipitate does not dissolye, add acetic acid ; if it 
dissolyes in this, we have either phosphoric or silicic acid. A solution of 
perchloride of iron will determine which, by forming a yellowish pre- 
cipitate with phosphoric acid, if it is present. If acetic acid does not 
dissolve the precipitate, it is oxalic or fluohydric. The oxalic being 
organic, is so determined by heat. The precipitate is opaque if oxalic 
acid is present, and more- or less transparent if fluohydric. Perchloride 
of iron will reveal /crrocyanic acid, by its intense blue color; and yallic 
and tannic acids, by the black color ; and it will produce a red color 
with acetic acid. 

(2 823.) Nitrate of silver, added to a portion of the original solution, 
produces a precipitate if chlorohydric, iodhyric, or cyanhydric acid is 
present. 

'Add ammonia to the precipitate, and if it is not dissolved it is iodhy- 
dric. If it does dissolve, it is either chlorohydric or cyanhydric. The 
cyanhydric being organic, the heat test determines it. 

(2 824.) Nitric acid and chloric acid are not affected by any of the 
foregoing tests. Add a few drops of SOs to a concentrated solution of 
the liquid, and drop into it a small crystal of sulphate of iron ; if a 
brown substance is formed round the crystal, the acid is nitric. Place 



416 QUALITATiyE ANALYSIS. 

the dry (*aU, aft«r eTapormtion, in a tesi-tabe, and drop on it a liltlt 
S0|, and the yellow appearanee ooeasioned by the deeomposition of the 
chloride will be exhibited if chloric acid ii present. 

(2 825. ) Analytit of tuhttanceM not toluble m water, but tolubU m moT' 
panic aeith. 

If muriatie add dissoWes the substance, it is evident that salts of 
silver or the subchloride of mercury cannot be present. 

If the solution has been made by nitrie acid, and the addition of 
muriatic acid causes a precipitate, iUver, lead, or mercury may be pre- 
sent, which we have already determined ({ 804). 

(I 826.) When nitric acid has been employed in dissolving the mate- 
rial, it must be expelled before using the sulphuretted hydrogen test, 
as it will destroy that agent. The solution should be united vrith muri- 
atic acid, and evaporated nearly to dryness. If the muriatic acid causes 
any precipitate it should be added till all the precipitate is formed, and 
then filtered before evaporation. Dilute with water the concentrated 
solution, and if it is rendered turbid by so doing, antimony^ bismuth, or 
(IN is present. Pass through the solution a current of sulphuretted 
hydrogen, and any precipitates formed are examined for metals of the 
first group. 

Take the filtered Bolution, and apply ammonia to neutralize it, if 
neco^wtry* and then add hydrosulphuret of ammonia. If a precipitate is 
formed, it may be* any of the metals of the second class. These are to 
W examined for, as already directed (| 812). 

^J S27.) The solution obtained from the filtering, after the action of 
the h^vdro.-iiilphuret of ammonia, may now be tested with carbonate of 
ammonia. If thi:*, mixed with a little ammonia, produces a precipitate, 
il iii UtHf, Ktytitt or strontiay which may be easily determined (§ 814 
<ind I 8lo^. 

[I S'JS \ If the filtercil solution still contains any substance, which 
m\Y xx'^iviilY be determined by evaporation of a small portion on a 
(vieoe of i^Uiiua foil, if a residuum is left the solution must be further 
<ek\Amu\odx 

\^l ^'^.\y) tf )^ho9phate of soda causes a white precipitate, magnesia is 
(M'^A^ut, When this is all separated, the solution can contain only bases 
of tht? fourth gr^mp. which may bo tested for as above directed (| 816). 

Tksts for Acids. 
[I ^iUV'l If muriatic aeid causes the escape of any gas from the origi- 
UhI »wl»»t»«ee» it is owing to the presence of carbonic acid, sulphurous 
Hoivi, vM' «u)|'huv^t(ed hydrogen, which may be determined as above 
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({ 881.) Analysis of substances insoluble in water or acids. If the sub- 
stance blackens by the application of the hydrosulphuret of ammonia, 
lead or silver is present. If the mass is not blackened, the substance 
may then be examined for silica, lime, baryta, or strontia, in some of 
their compounds. 

The substance is to be reduced to fine powder, and ground with car- 
bonate of soda, and fused in a porcelain crucible. The fused mass is 
thoroughly digested in water and filtered, and the solution examined, 
as directed for substances soluble in water. The insoluble portion is 
then to be digested in nitric and muriatic acids, and tested accordingly. 

Tests to confirm the tests given in this outline will be found under the 
respectire substances, and they should always be appealed to. 

We do not giro the aboTe outline as unexceptionable ; for any one 
who has had any experience in analysis, knows that there are a thou- 
sand circumstances to be learned that require a yolume to detail. In 
the use of sulphydric acid, for example, the color of the precipitate wiU 
yary greatly with the state of concentration of the solution, or the state 
of oxidation of the metal ; so the mixture of metals will raxy the phe» 
nomena observed. 
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NECESSARY APPAEATUS 



FOR ILLUSTRATIONS IN 



ELEMENTARY CHEMISTRY. 



In entering on a course of chemical experiments, there are two con 
Tictions that should be heartily received and unreseryedly adopted by 
the beginner. The first is the weighing or measuring everything used, 
when practicable, and observing every result obtained, and the pheno- 
mena accompanying its production. The second is to keep everything 
clean that has any relation to the processes performed. Destitute of 
either of these elements chemical experiments are utterly useless, how- 
ever well they may be devised and managed in other respects. With 
them confidence is established, and reason and ingenuity may combine 
in their highest eff'orts, and the laborer may expect rich harvests of 
pleasure and profit for the expenditure of time and labor he may 
bestow. 

There are many articles of universal use in the laboratory, and when 
instruction is given to classes, are absolutely necessary. However satis- 
factorily the student, by himself, may use tubes, tobacco-pipes, &c., the 
teacher must have a proper supply of apparatus. Much money has 
been uselessly expended, and many failures have resulted from igno- 
rance of what was needed, and from a want of a few practical instruc- 
tions in regard to the proper use of apparatus, when obtained. We 
propose, in some measure, to supply this deficiency. 

It is not often the case that teachers can arrange in regard to the struc- 
ture of the laboratory itself. They are obliged to take it as projected by 
building committees, usually utterly ignorant of the demands of the de- 
partment. The laboratory ought to be on the ground floor, well lighted 
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mmi. veil Tentnaicd ; so situated thmt the n js of the sun can be commanded 
az or near mid-dar. There should, if possible, be two rooms. One where 
cxperiaiextis are prepared — the warkim^room ; and one where the classes 
are receixed and the experiments performed — ike Uelure-room. These 
rMBS« Ckf course, must be contiguous. Instruments, not made wholly 
of f^ass, should be kept in close cases in the lecture-room, great care 
bexaf taken to hare as little of corroding gases liberated in this room 
as passible, espedally chlorine and sulfdiuretted hydrogen. A large 
tne a&d a large fireplace are important, to carry off offensiye gases. 

T\e fmevmax ie trough, inrented by Priestly, nearly a century ago, is 
stall cme of the essentials of a laboratory. It is a rectangillar box, 
nade of oof^per. or of two-inch plank. It is about 2 feet long, 18 inches 
deep. a»d IS inches wide. It has morabU shelTes, supported by clasps 
on the end of the shelf, reaching OTer the top of the trough, or by 
kdgess two or three inches from the top of the trough, fastened on the 
inside. These moxable shelres may be made of } inch board, 4 inches 
wide. Each shelf has a hole through its centre, so as to allow the gases 
to pass up into Teasels fiUed with water and iuTerted OTer the hole. 

The underside of the shelf is gouged out, so as to form a cavity, by 
whi^ the gas is directed to the hole, as shown in the figure, which is 
I — — . a representation of a longitudinal and ver- 

tical section of the shelf through the hole. 
If ;he trvvjgb is made of two-inch plank, care must be taken that the 
grjiin of I be end-pieces run up and down, so as to swell and contract 
wi:b ihe K>itom- Ii is clamped, or what is better, screwed together by 
rcsis running through the trough, near the bottom and ends. 

It is then filled, so that the movable shelves shall be just below the 
STM-fa.-e of the water. To^U ajar triM gas, it is first filled with water, 
and inverted over the hole in the shelf. Xow the pipe, from which the 
gas is issuing, or the vessel from which the transfer is to be made, is 
placed under the edge of the shelf, and as the gas flows out it rises into 
the cavity of the shelf, and through the hole into the inverted vessel, 
filled wich water. See fig. on p. 58. 

/«Aa rmhb€rba^s. Two or three small India rubber gas-bags, holding not 

more than 1 or 2 gallons, 
are needed, fitted with a 
stop-cock, for burning 
gases and blowing soap- 
bubbles, &c. A 8oap- 
bmhXf tub^ and a straight tube^ fitted to screw on to the gas-bag, are 
required. 

G^i^Mdert. These are of various forms and sixes. For storing gas 
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in large quantities and for a long time, metallic gasometers are unques- 
tionably the best. We repudiate entirely gas-bags of large size. They 
"will not last. If good at first, they soon become defective by cracking, 
and lose their pliability. The most convenient gasometer we know of 
is made by Chamberlain &; Ritchie, of Boston. See fig. and descrip- 
tion, page 62. 

Apparatus for produeinff heat. These are fumaeet tLnd lamps, Avery 
simple and cheap furnace, and one which will answer most of the pur- 
poses demanded in the following experiments is a cast-iron furnace, 
used in families for preserving. One more expensive, and the most 
perfect furnace, however, known to us, and one which will give entire 
satisfaction, is Luhme*s chemical furnace. If expense is not an objec- 
tion, every laboratory should be provided with one of Luhme's fur- 
naces. 

It combines more conveniences at less expense than any other fur- 
nace manufactured in this country. Charcoal is a suitable fuel in all 
furnace operations. 

Lamps are of various constructions. The simple glass alcohol lamp 




answers all ordinary purposes. For many purposes a more powerful 
lamp will be needed. The one we have found to answer an excellent 
purpose is Luhme*s. The alcohol should always be turned out of the 
lamps after use, unless furnished with ground-glass caps, to prevent 
evaporation. 

Mortars. Two Wedgewood*s mortars, of 3 and 6 inches diameter, 
will answer most purposes, except in some nice experiments, when an 
agate or steel mortar will be required. 

Mortars should always be cleansed at once, when used, and never 
allowed to stand long with anything in them. 
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CrucihUs^ of Yirioua kinds imd Biiea, arc important articles in (Bft 
-r"--^ laboratory. The commcin Heaaian crueibUa aniiwer munj 
purposes, aad aro clieap. Two or tliroe smsiXl Berlio porcu- 
J4m criicibUs maj ggiuetime^ ha roquii^ed. A cast-iroa 
one, wiLb cover, Yfill also be needed* 

Eetottt are very necessary articles in chemical experi- 
ments, especially on tlie gase$. The common flitit-^lasi 
retorts answer all comxaon purposes* Half a doien of shea 
fro aft 4 to 12 ounces will answer, and an equal number 
tabulated of like sixea^ will ans-yrer all demands for thcae articles* 
QUb€ receh'^a with 2 or 3 orifices are useful for reeciTing Tolatik 
materials, for condensation ; 3 from 4 oi. to 
16 01* will suffice* 

Flitski of various kinds are often needed. A 
copper flask for making oicygen is desirahle, 
although the oijgen may be made in a com- 
mon retort* 

Florence fasJcs are Tery UBcM in the labora- 
tory, and are very cheap* They ore the flu ska 
tliat BWeet oil ia imported in, and if used with care are very senriceablej 
and save more expenaive anicles. Flasks are made with round or flat 
hottoma* For heating over a lamp ^ith high heat, the forraer artj bett, 
For a sand or water bath, and moderate heat, the others answer as well, 
and are more handy in setting down. 

TuUt are an essential part of a ch©miat*a materials, and irlth one 
who can work them, t1iey may be made to take the place of lustiy pieces 
of e3:pcn=itive apparattia. Abilily ta bend tubes, to close tubes, to jcin 
tubes, and to blow bulbs on the ends of tubes, sliould be attained by 
every one who eipeots io accomplii^h anything in experimental cli«- 
mistry, especially If he does not reside in a largo city. 

Tubrng is gold bj the pound; and two pounds of assorted siies, from 
capillary tubes to half-inch quill tube, will a as w or. Small tubes may 
be readily btnt by a common alcohol lamp. Holding the tvibe by thf 
thumb and finger of each hand, on each side of the point where it is ta 
bo bent, and place that point in tie upper part of the Same, and hoM 
it there, turning it over until it becomes soft and readily foeods, and 
move it backwards and forwards from end to end, until 2 or 3 inches 
are heated ; bend it slowly, and it will assume a uniform curve* If it 
is bent auiWenly, or is not righlly heated, it will form an angle inatead 
of a curve, and (he upper part will be flat. This will be a ^pkm tubfl, 
and a most useful instrnmenf to the eiperimental chemmt; especially 
is drawing otf the supertmtant lietuid from a precipitate* 



NECB3SABT APPABATUS. 



431 




€ 



® 



Test-tubes may be readily made by taking a piece of half-inch tube, 
long enough to make two tubes 
(3 to 5 inches), and soften it in 
the middle, as at a, and draw 
it gently out. Then keep the 
heat to one side of the smallest 
part, and draw it out, leaving it 
rather blunt. When the shape is as near to what is wanted as possible, 
melt off the end, and heat 
the whole bottom, and 
gently breathe in it, and 
the tube is done. The other portion is treated in the same manner, by 
applying the heat near the large portion, and using the irregular termi- 
nation as a handle for managing that end. The open end may be 
enlarged by softening it in flame, and with a smooth piece of iron 
heated spread it out into a border, and make a lip if desired. 

7b make a bulb. Close the tube as for a test-tube, and then heat it 
about half an inch as uniformly and as much as possible, and remove 
it from the flame, holding it horizontally, and blow into it gently, con- 
tinually turning it on its axis. If these conditions are fulfilled you 
will have a spherical bulb. 

Tubes of equal size are easily joined by bringing them gently in 
contact in the flame after the ends are softened. If one is larger than 
the other, draw down the larger one to the size of the smaller, and cut 
it off. 

Glass tube is readily cut off by a three-cornered file, by filing it with 
one of the corners. 

A small tube may be inserted at right-angles into the side of a large 
tube, by heating the spot to redness ^^ 

where the tube is to be inserted, and 
attach to its centre a glass rod, previ- 
ously heated, and draw out the side ^ 
of the tube, which will form a tube, 
and let this tube be drawn out a little 
smaller than the tube to be applied. 
Now cut off the tube, and put the other over it, and melt them together, 
and the work is done. 

Much depends on a good flame for success in these operations, espe- 
cially if the tube is larger than one-fourth of an inch. 

The blow-pipe flame is usually employed, although there are nume- 
rous modifications in arrangements for accomplishing the same end. 

The water blow-pipe, as it is called, is cheap and «€&<^\fti[ii. \\. ^'^t^- 
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■Utt of a cnbicftl box of meUl, tin, line, or copper, with a partition in 

it, as seen in the figure ; a is a parti- 
tion which goes to within half an inch 
of the bottom, being soldered to the top 
and sides. A blow-pipe jet is attached 
at e, and a tube to which the mouth 
may be applied, b. The yessel is then 
half-filled with water, and by blowing 
with the tube the air can only escape 
through e, and presses on the water in 
the compartment e, and raises it in a, 
which is constantly pressing on the air 
■ 'ssss^ssss in e, making a constant current for the 

Water blow-pipe. j^be e. Any amount of pressure re- 

quired is easily giTen by the blowing into the mouth-tube. 

Any student, who has such an apparatus, and can use it efficiently, 
need not depend on ezpensiTe apparatus for means of research, fie 
has in his own hands all the means of the most accurate and profound 
iuTestigations. With glass tubes and his blow-pipe he may accomplish 
much. In cities, where gas can be commanded, alcohol, of course, 
would giTC way to it. 
BottUSf of Tarious kinds, come in use in chemical experiments. Com- 
^ men specie bottles may be employed for more expensive 
gas-jars. These bottles, with a wide mouth, ara used for 
making and storing many gases. 

Vialsy of various sizes and shapes, are wanted ; some 
with ground stoppers. One dozen 8 os. Tials, with 
wide mouths, for experiments with gases, supersede the 
necessity of more expensive jars. 

A washing bottle is a very useful article on many 
occasions. It may be fitted for using the breath in 
blowing out the water, as in the figure ; by blowing into 
I the tube a the water is forced out of tube b. Or the 
Waahing-bottle. bottle may be inverted, and the air is let in at 6, and 
the water flows out in a continuous stream through a. The mere in- 
spection of the figure will remove the necessity of any explanation. 

Adapter* or eonnecton are 
frequently required for mak- 
ing temporary joints. This 
is easily accomplished by 
forming short tubes of In- 
dia rubber, which is readily 
«-A— ^Qtt« hy wrapping a piece 
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of clean fresh sheet India rubber round a rod, and then cutting it by a 
pair of shears, and the edges will cohere, and form the tube without 
further trouble. 

Beaker glcLssea^ precipitating glastet. These are essential in the labora- 
tory. They are of thin glass ; and hot solutions may be 
placed in them without breaking them. They vary in ' 
shape, some being simple cylinders, others tapering a 
Uttle. 

A pair of hand-bellows is useful, and may be arranged 
for the table blow-pipe. 

A simple blow-pipe is always needed. 

Sheet India rubber is required. 

Cork borers. A set of a dozen is invaluable. Beaker glass. 

Corks are most valuable articles in a laboratory. They answer a 
multitude of conditions for stoppers and connectors, &c. 

Cylinders are required for determining specific gravities. Two 8 
inches high will answer. 

Deflagrating spoon is a copper or brass cup with a wire attached to it, 
by being passed through the metal and riveted down. For burning 
articles in gases a brass plate is often attached to it. 

Evaporating dishes of porcelain are convenient, but common plates will 
answer all the purposes. 

Several varieties of files are wanted, round, flat, and three-cornered, 
and of the flat, large and small. 

Filtering paper is a very important article, and the best quality only 
should be purchased. The Swedish is most highly esteemed. 

Fluorine box. This is a flat shallow vessel of lead, about 1 inch deep. 

Funnels. Two or three glass funnels will be needed, 4 and C inches 
in diameter. 

Galvanic battery. One of Grove's batteries with 12 glasses will be 
sufficient. The porous cells are filled with undiluted nitric acid. The 
glasses are filled with 1 part 30$ and 10 of water. After the water and 
acid are mixed, the solution should be allowed to stand and cool. The 
battery should be all put together, and the poles all ready, and the ex- 
periments to be performed all prepared, and the last thing to be done is 
to pour in the acids. The NOs should be poured in first, by the aid of 
a glass funnel, and immediately the SO3 ; care being taken not to let a 
drop of the acid touch any part of the apparatus, but where it is re- 
quired. Care and neatness are of the utmost importance in galvanic 
experiments. When the experiments are over, empty the cups and 
glasses immediately, and wash them and the zinc cylinders in much 
elean water. It is well, after the porous cups are rinsed out, to fill them 
19 



484 NECSSSABY APPARATUS. 

with clean water, and let them stand seyeral hours. The percolation 
of the water will carry all the acid and salts out of their pores, and 
preTent mischief when they are dry. All parts should be thoroughly 
dried. By such care a battery will last indefinitely, and may always 
be depended on. 

Ooi pistol, A simple brass cylinder is the most conyenient, of about 
an inch in diameter and 6 or 8 inches long, closed at one end, and with 
a touch-hole. 

Oold Uaf and iUvtr leafy a book of each will be needed. 
Hydrometers. A pair of them will be required ; one for fluids lighter 
than water, the other for fluids heavier than water. 

Ladle. An iron ladle, for melting the metals of low fusibility, as 
lead, tin, antimony, and zinc, will be needed. One 4 inches in diame- 
ter is large enough. 

Lampttands. Two or three iron stands will be required, each having 
several movable rings. 

Magnett, A permanent horse-shoe magnet, and one bar magnet, and 
a magnetic needle and stand will be required. 

Measures. Threq graduated glass measures are indispensable — 1 oz., 
4 oz., and 8 oz. arc the most convenient sizes. These should be always 
clean and ready for use. Never set a measure away after it has had 
any article in it, without first rinsing or washing it out, being careful 
that it is perfectly clean. 
A transfer jar, with stop-cock and flexible tube is needed, to transfer 
a gas from a jar to a gas-bag, or to a gasometer. 

Muffle. If Luhme's furnace is on hand, a muffle will be 
needed to assay gold and silver, which cannot be done in an 
ordinary furnace ; and in connection with it a half dozen of 
cupels will be needed, little cups, made of bone earth. 

Oxyhydrogen blow-pipe. This will be attached to the gas- 
ometers. The jet and tubes are all that are required. The 
best jet is what is called the centre jet. The oxygen is in the 
centre, and the hydrogen surrounds it as it issues. 
Pipette. This is often useful, but may be easily made out 
fitted witfa^a 0^ & glass tube of one-fourth of an inch. 
f *'*£im'f * -P^«'«»fl «^«» foih and sponge^ in small quantities, are re- 
ring gaa. quired. The sponge may be obtained on wire ready for use. 
Flyers. Two or three pairs of different sizes are often in demand. 
Safety tubes can be made. 

Retort-holders are very convenient. Two kinds will answer. 
Sand-bath. These are usually made of wrought-iron. They come 
with Luhme's ftimaoe. 
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• Scales. A pair of common scales and weights are indispensable. 
Weights from half a grain to 1000 grains are required, and an ounce 
and two-ounce weights also. Expensive scales are required only when 
quantitative analyses are carried on. Even then the ingenious experi- 
menter may provide himself with exceedingly delicate apparatus for 
weighing minute quantities in the elasticity of glass or steel in thin 
plates or fine fibres, and avoid the expense of costly scales. 

Spatulas. Two or three of these are wanted. The common steel 
ones are as good as any, if care is taken in their use to keep them from 
corrosion, by keeping them clean. 

Specific gravity bottle is often convenient where a small quantity only 
of a liquid is to be had. 

Spoons. Several iron spoons are requisite. 

Stop-cocks. Several extra stop-cocks and brass connectors will often 
be in demand, especially to connect the gas generator with the gas- 
ometer. 

Test-glasses. One dozen 1} oz. test-glasses, with lip, will answer all 
purposes. They should always be perfectly clean when not in use. 

Test-papers. Blue for acids, yellow for alkalies. These may be made 
or bought. 

Thermometer. A good chemical thermometer is an article of constant 
use. It must be used with great care, or it will soon be broken. The 
bulb is very thin, and it should never be allowed to but barely touch 
any solid body. 

Tongs, of various sizes and forms, are at different times convenient, 
but one may get along very well with a single simple pair. 

Wire. Iron wire, of small size, for burning in oxygen, and for 
binding articles together for heating, will be necessary. Also copper 
wire, insulated and not insulated. No. 16 is a good size for most pur- 
poses. 

Wire-gauze, for experiments on flame, should be obtained, of 2 or 8 
sizes, in square pieces, 4 inches square. 

Wolffs bottles. Three of Wolfs bottles are often convenient for con- 
densing vapors, or easily liquified gases. Fig. on p. 49. 

Strong twine, nails, tacks, strips of cloth and paper, a cement made 
by melting together 1 part of beeswax, 1 part of rosin, and \ a part of 
fresh turpentine ; a good knife and saw will be needed. 

The above apparatus can be bought for less than $200. 
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Acetic Acid, 


4n. 


Copper nitraU, 


201. 


AncaoQsadd, 


401. 


" oxide. 


201. 


Citric •* 


lOL 


•« ralpbaie. 


lib. 


G»lUc 


Joi. 


** acctaftey 


201. 


ChlorohTdne acid. 


4 lbs. 


Creosote, 


loi. 


Xicric acid. 


41ba. 


Ether, snlphorie. 


lib. 


Oxalic acid. 


los. 


•* botjrie. 


loi. 


Solpknric acid, cohbmb. 


611m. 


Feldspar, 


lib. 


Sal|>harie acid, Kard- 




Kre-elay, 


lib. 


kaoseiif 


2oi. 


Fusel oil. 


4 01. 


Tartaric acid. 


4oi. 


Gall-nuts, 


2 01. 


Alcohol, 95 per cent. 


lg«IL 


Glycerine, 


loi. 


Alum, 


41be. 


Gold chloride. 


idrm. 


Amber, 


lox. 


Gutta-percha, 


lib. 


Ammooia aqua. 


lib. 


Indigo, common. 


lox. 


Carbonate, 


lib. 


** solution. 


loz. 


Hv'irosulpharet. 




Iodine, 


1 02. 


Muriate, 


Ilk. 


Iron filings, or turnings. 


4 lbs. 


Nicrate, 


lib. 


Iron proto^phate, pure. 


4 01. 


Aatimonj, 


1 OL 


' Iron, persulphate. 


loz. 


Sulphured 


1 oz. 




2 01. 


Arwnic metallic. 


loi. 


Kaolin, porcelain clay. 


1 lb. 


Asb^sto^, fibrous. 


1 01. 


Lead, metallic. 


4 lbs. 


Baryta, caustic. 


1 01. 


" protoxide, litharge. 


lib. 


Muriate of baryta. 


1 oz. 


** sesquioxide. 


loi. 


BUmuth, metallic. 


4 01. 


" peroxide. 


loi. 



Borax. 4 oz. 

Bromium, 1 oz. 

Calcium, chloride, } lb. 

lilaoride, 1 lb. 

phosphuret, 1 oz. 
Caoutchouc, India rubber, 1 sheet. 

Caoutchouc solution. 4 oz. 
Charcoal points for battery. 

Chloroform. 8 oz. 

Chrv>mium oxide, k oz. 

Cohalt, metallic, I oz. 

** nirra:e. 1 oi. 
Copper turnings^ 



" acetate, 4 oz. 

>* carbonate, 1 oi. 

** chromate, 1 oi. 

^* bichromate, 1 oi. 

Lime, carbonate, marble, 2 lbs. 

-^ sulphate, plaster, ^ 2 lbs. 

" caustic, 2 lbs. 

Litmus, 1 oz. 

Logwood, 1 lb. 

Magnesia, calcined, 2 os. 

" carbonate lump, 2 oz. 

** sulphate, Epsom 

«iS^ lib. 
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Magnesia, chloride sol., 


loz. 


Potassium, cyanide. 


ilb. 
1 oz. 


Manganese oxide. 


2 lbs. 


" ferrocyanide, 


Mercury, metallic. 


2 lbs. 


" ferridcyanide. 


loz. 


** subchloride, calo- 




" iodide. 


1 oz. 


mel, 


1 oz. 


Prussian blue, 


1 oz. 


Mercury, chloride, corro- 




Rosin, 


4 lbs. 


sive sublimate, 


2oz. 


Silver nitrate. 


1 oz. 


Mercury, cyanide. 


loz. 


Soda, caustic. 


1 oz. 


Mercury, peroxide, 


loz. 


*< acetate, 


loz. 


Mercury, sulphuret, Ver- 




" carbonate. 


lib. 


million, 


loz. 


" hyposulphite, 


lib. 


Naptha, mineral, 


2oz. 


" nitrate. 


lib. 


Nickel, metallic. 


loz. 


** phosphate. 


1 oz. 


Phosphorus, 


2 oz. 


" sulphate, 


2 lbs. 


Platina foil. 


20gr8. 


Sodium, metallic. 


Idrm. 


" wire. 


20gr8. 


Strontian, caustic. 


loz. 


" chloride, 


* drm. 


" nitrate. 


}lb. 


Plumbago, 


lib. 


Sulphur, flowers, 


lib. 


Potash, caustic, pure. 


lib. 


roll. 


lib. 


" common, stick. 


lib. 


Tin, metallic, grain. 


2oz. 


" acetate. 


2 oz. 


" foil. 


4oz. 


** carbonate, pure, 


lib. 


" bisulphuret, mosaic gold, 2 oz. 


" chlorate. 


2 lbs. 


Turmeric paper. 


1 sheet. 


" chromate, yellow, 


2oz. 


Turpentine, spts., 


lib. 


" bichromate, red. 


2oz. 


ZafFre, 


loz. 


<* manganate, 


2oz. 


Zinc, metallic. 


4 lbs 


" nitrate. 


lib. 


" acetate. 


loz. 


" bi-tartrate. 


lib. 


" oxide. 


loz. 


Potassium, metallic. 


Idrm. 


" sulphate, 


loz. 


" bromide, 


ioi. 





The chemicals in the preceding list can be bought for less than $50 
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To make oxygen. Grind together in a mortar 125 grains of peroxide 
of manganese and 1000 grains of chlorate of potash. This amount will 
make 5 gallons of gas. Put into a flask or retort, and adapt a tube so 
as to have the gas issue under the shelf of the pneumatic trough, as 
represented in the figure on page 68. Apply the heat of the alcohol 
lamp, or a jet of burning gas, to the bottom of the flask, and the gas 
vrill soon begin to come over. Let the first escape, as it is mingled with 
air. Then let the gas pass up into inverted jars or bottles filled with 
water. The heat needs to be carefully managed, as, by becoming too 
great, the gas is generated too rapidly. This may be corrected by 
removing the lamp, when the gas comes too rapidly, until the gas 
slackens, when the lamp may be applied again, and so on. When the 
gas ceases, or nearly so, to come over, the tube must be removed from 
the water before the lamp is removed from the flask, else by condensa- 
tion in the flask the water of the trough is drawn back into the flask, 
and injury done. The gas may be received directly into the gasometer. 
If so, care must be taken that little or no pressure be exerted on the 
outer cylinder, and that it rises with perfect freedom. 

To bum sulphur^ charcoal, or phosphorus, in oxygen. Take a piece of 
the substance to be burned, and place it in the deflagrating spoon, and 
ignite it. Having a tubulated jar or bottle loosely corked, a quart size 
will do, and nearly filled with oxygen. Now remove the stopper of the 
bottle, and insert immediately the ignited substance. If there is not a 
brass plate on the wire of the spoon, the wire of the spoon may be 
passed through a large cork, so as to close the bottle while the material 
ia burning. Care must be taken, especially with phosphorus, to keep 
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it in the centre of the bottle and near the bottom, else it will break the 
bottle. 

To burn iron or steel in oxygen. Take a piece of fine iron wire, and 
coil it round a cylinder of the size of a cedar pencil ; coil it close, and 
when it is removed it will expand some and spread out. A coil of three 
or four inches is long enough. Leave one end straight, for six or eight 
inches, to handle it by. Now bend up the other end into a small loop 
of the size of a pin head, and tie a piece of thread on it, and cut it off 
close. Touch a piece of roll brimstone to a flame, and it will at once 
burn in a small point. Let it burn till a globule of sulphur is melted 
of the size of a large shot, then dip the loop into it and remove it imme- 
diately, and blow out the flame. The wire is now ready. From a two- 
quart jar nearly fiill of oxygen remove the stopper, and place the hand 
on the orifice. Now light the sulphur, and instantly immerse it in the 
jar, and it burns brilliantly. If it is steel wire instead of iron, draw 
it through the flame of the spirit lamp slowly, to take out the temper, 
as it will otherwise be so elastic that the coil will be too loose. A watch 
spring burns beautifully. The temper had better be taken out of this. 
Sharpen the end of the spring by a file or grinding, and then insert the 
end into a piece of a match stick a half-inch long. Light this stick, 
and proceed as with wire. Steel burns better than iron, from the car- 
bon it contains. 

To prepare hydrogen. With a hydrogen generator it is fully explained 
on page 58. If not provided with a gas generator, take I ounce of 
granulated zinc, or clean iron filings, or fine turnings of wrought iron, 
and put either of them into a gas bottle (such as described, figure J 76), 
and turn upon them a mixture of 1 ounce of sulphuric acid by measure, 
mingled with 5 parts of water. The gas immediately comes over, which 
should not be collected till it is certain all the air is driven out, for the 
air not only vitiates the gas by its presence, but renders it very explo- 
sive. Raise a pint jar of the hydrogen from the trough, and apply a 
flame to it. The gas will burn quietly with a pale flame, after a slight 
explosion, occasioned by the mingling of the lower stratum of gas with 
the air. Put the burning taper up into the jar, and it will be extin- 
guished ; being gradually drawn out it will be relighted. 

A flame should never be applied to a jet of hydrogen, until it is cer- 
tain that all the air in the vessel has been driven out. 

Explosive mixture. Mingle in a pint jar 1 part of oxygen and 2 parts 
of hydrogen, by volume. Close the touch-hole of the gas pistol with a 
peg of soft pine. Fill it with water, and invert it over the hole in the 
shelf in the trough, and pass up the mixture, previously made, until 
the pistol is full. Now cork up the large end, while the end is under 
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water, and remoTe it from the trough, and remoying the peg, and apply* 
ing the orifice at the same time to the flame of a candle, a loud report 
is produced. 

To thow the lightness of hydrogen. Make some soap-suds, such as 
children make for soap-bubbles. Fill a gas-bag with hydrogen, and 
Attach to the stop-cock the bubble blower, then inflate the bubbles with 
the hydrogen instead of the breath, and the bubbles will rise to the 
ceiling ; whereas they fall to the floor when blown by the breath. If a 
flame be applied to the bubble, after it leaves the pipe, it will flash with 
a pale yellowish flame. 

Preparation of nitrogen. Take a large flat cork, and make a depres- 
sion in the centre by digging it out. Line this cayitj with chalk dust, 
fire clay, or any conyenient incombustible powder. Then place in it a 
piece of dry phosphorus, as large as a pea. Dry the phosphorus, by 
pressing it in a piece of bibulous paper or dry cloth. Place the cork 
on the water in the trough, and set the phosphorus on fire, and imme- 
diately place oyer it a two-quart bell-glass. The phosphorus will bum, 
the jar be filled with dense white fumes of phosphoric acid, and the 
water will rise in the jar, filling about one-fourth of it. The white 
fumes will soon disappear, and you haye nitrogen in the jar. 

Preparation of chlorine. Grind together in the large wedgewood mortar, 
8 parts of oxide of manganese and 4 of common salt. Place this mixture 
in a retort, and pour upon it a mixture of 5 ports of SOs with the same 
amount of water. This gas must not be receiyed in the trough, but a 
small tub may easily be arranged, by fitting a shelf into it, and filling 
it with warm water. The water must be warm or salt, otherwise it 
absorbs large quantities of the gas. Great care must be taken in ex- 
perimenting with chlorine that as little as possible escape into the 
room, as it is excessively annoying ; 8 oz. wide-mouth vials are large 
enough for showing the properties of chlorine, and for most experi- 
ments on gases. 

When filled they must be immediately and closely stoppered, ^ind as 
soon as the experiment is over stopped again, and unstopped in the 
open air. 

Take a quart jar, wide mouth, and fill it one-third with chlorine, and 
the remainder with defiant gas, and immediately remove the stopper 
and set it on fire. It burns beautifully at the surface, till all is con- 
sumed. 

Take a vial of the gas and insert a piece of new printed calico wet, 
and soon the colors will be discharged. 

Immerse a lighted candle in a vial of it, and the flame is extin- 
guished. 
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Dip a piece of l»t>vii paper in spirits of tsrpcBtiBe, aad imm ciic U 
in a yial of chlorine, and it is sd on fre. 

Preparation of carbonie add. Pet an oanee of earble powder or dbalk 
into a retort, or flask, or gas-boCtle, aad poor vpco it a ndxtnre of 1} 
ounces of chlorohydric add, mingled with ike came qoantit j of water. 
The gas immediately comes orer. It maj be eoflcctcd in tlie tron^ 
Immerse a lighted taper in a rial of it, the flame is immediatelj extin- 
guished. It may be peered from one TesRl into another, like water. 
Put the taper in the fial before the gas is tamed into it, and then 
afterwards, and it will be extingnidied. It will eontimie to bom in the 
first instance, bnt is extinguished in the last. 

Pour lime-water into a fial of COs^ and it becomes torbid. 

PrqHtraium of olefumt gas. Tear into a large retort 1 ox. of aleohol, 
and add to it gradually 4 flmd ox. of SQ», Apply the heai of a lamp. 
The materials blacken, and soon begin to bml, when the gas eomes orer 
in great abundance. It is colleeted in the troof^ The same experi- 
ments as with hydrogen in relation to eombostion and explosion may 
be made with C4H4, bat three Tolnmes of oxygen are required instead 
of a half Tofaune for explosion. 

Fillagas-bag with it, and bam it from the straight jet. This is the 
gas that constitutes most of gas lights. 

Preparation of photphuretted hydrogen, "FVEL a small retort with 
water, and turn it out into a precipitating glass, add to this water a 
stick or two of caustic potash, and an ounce of slaked quick-lime. 

After thoroughly mixing the materials, fill the retort again with the 
mixture, and drop into it a stick of phosphorus about an inch long. 
Now support the retort on a lamp stand, orer the lamp, at proper height 
to be heated by it, with the beak of the retort immersed in the balance 
of the mixture, somewhat diluted, in a saucer. Apply heat to the 
retort, and gas will soon rise and fill the upper part of the retort, and 
drire down the fluid into the saucer. When this is done, raise the body 
of the retort, keeping the beak under water all the time, and let some 
more of the liquid run out^ so that when it boils it will not throw the 
phosphorus out of the body of the retort. When the bubbles come into 
the air they inflame, forming beautiful wreaths of smoke. 

ChlcTohydric add gas. Introduce into a dry flask or retort 1 oz. of dry 
common salt, and pour upon it 1 oz. of sulphuric acid. The gas imme- 
diately comes oyer, and must be receiyed in dry yessels by displace- 
ment. A tube, bent at right angles, is fitted to the retort, and this is 
inserted through a piece of card-board placed oyer the mouth of the 
bottle. It is easily discoyered when the bottle is full, by the tamw 
19* 
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that issue under the paper, especially if a piece of paper wet frith am- 
monia be applied to it. 

Ammoniacal gat. Grind to fine powder 1 oz. of muriate of ammonia, 
NHsCl, and 1 oz. of quick-lime, and then perfectly mingle them without 
hard grinding, and introduce them into a flask, with a straight tube in- 
setted through the cork. Place the flask on the lamp-stand, and apply 
heat to the flask. Collect the gas in dry yials, by displacement ; but 
this gas being lighter than air, the receiyer is inyerted. 

It may readily be told when the vessel is full, by applying to the 
mouth of the yial a paper wet with UCl. White fumes will be produced 
if any ammonia is escaping. 

Prtparation of fiuohydric acid. Place in the fluorine box, which is 
made of lead, an ounce of fluoride of calcium in fine powder. Mix it 
up into a paste with SOi, haying prcyiously covered pieces of glass with 
a thin coating of beeswax, which is easily done by carefully heating the 
glass, and rubbing on the wax while the glass is hot. When cold, draw 
with a sharp metal point any design, entirely removing the wax by the 
point. Now place this on the box and apply gentle heat, and white 
Aimes arise, and in a few moments the etching for one piece is done. 
Melt the wax and rub it off, and clean the glass, and it is etched. 

Preparation of tulphuretled hydrogen, SH. This gas is so constantly used 
in the laboratory in analysis or research, that such an arrangement 
should be at hand so as to have it at a moment's notice, and in any 
quantity large or small. The best arrangement for this purpose is the 

one represented in the figure ; a is a 
generating flask, holding 6 or 8 ounces 

r 'T'^^f ' ' «t J| or more, with a wide mouth, to which 

u| Bl ^ ^^^^ ^^ fitted pierced with two holes 

111 <^i for two tubes ; 6 is a funnel tube for 

^*^ ' * * pouring in acid. It reaches below the 

surface of the fluid in the flask, to pre- 
vent the escape of the gas ; c is a tube 
simply passing through the cork to 
convey the gas into the washing-bot- 
tle d. This washing-bottle is abso- 
T«t<'\T <v^*><^«tUl, whon anything like accuracy is expected. There is a 
VU?!^' >^"A:ot in the VA^Mun^-bottlo, and the tube passes below the sur- 
fA-,v ^sf tVi-c trAt<kr» anvi the ga« bubbles up through it, which washes the 
ip-** '«^f ^Vt ^Y«^«nii>* thAt may be brought over from the generating 
i^ft^V ; / ;* 4k u;be i^^i^n^ (V\xm the washing-bottle, and connected with 
i>.^ i\\^ V A yvt<^>(si vNsrk f^ <vr by a tube of India rubber. The object 
vvT >»^v*;^ i>t-,s <«>^it is*^ 5^^ that /can be removed without disturbing the 
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bottles, as we jften want to pass the gas through several solutions in 
succession, and it would not do to take /out of one solution and put it 
into another, without cleaning ; and to obyiate this delay, at the time, 
it is best to have several tubes like/, and one can be readily removed 
and another one as readily attached. 

To charge the generating flask, grind up, coarsely, a small quantity 
of protosulphuret of iron, and put it in the flask a. Then mingle 
about as much, by weight, of sulphuric acid, with an equal quantity of 
water, and when the mixture is cooled to blood heat it is poured through 
the tube 6. The joints and corks must be perfectly tight, else the gas 
is lost, and an offensive and injurious gas is let into the room. To deter- 
mine whether the whole is tight, place the thumb closely on the top of 
the tube 6, and apply the mouth to the end of the tube /, and suck, and 
if the tongue will stick to the end of the tube all is right. The tube e 
or the tube /must not be placed too far below the surface of the liquid, 
as it increases the pressure, and may produce leaking, when it would 
not otherwise occur. A similar arrangement will answer for hydrogen 
or carbonic acid. The charge only being different. 

The hydrosulphuret of ammonia is prepared by placing the tube / in 
a bottle of aqua ammonia, and receiving in it a current of sulphuretted 
hydrogen to saturation, or nearly so. 

One of the most useful pieces of apparatus for the examination of 
small quantities of the gases 
is a bent tube, like the re- 
presentatioB in the figure. 
The application of the tube 
is very great in the hands 
of the ingenious. A small 
quantity of any gas, not 
soluble in water, may be received in this tube by passing the delivering 
tubes down to the bend, or by filling the tube with a weak acid solution, 
and dropping some chalk or marble into the open bend, it will produce 
carbonic acid gas, and the bubbles will rise to the closed end, if the 
tube is rightly held. Then the tube may be inverted in water, and the 
acid will run out, and the gas be in contact with pure water. If a 
bubble of gas is wanted, raise the open end with the thumb on it till a 
bubble passes the bend, and then it may be examined. A strong tube 
of this shape makes a good mercury bath, with a small quantity of 
mercurv. 
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WEIGHTS AND MEASUBES. 



Ajpotkeearia^ Weight 



lb 


3 




3 9 


gr- 






MBi. 


Ooea 


B. 


SnekML Senplea. 


Gnioa. 


French OrammM. 


1 


12 





96 = 288 = 


= 6760 


— 


372.96 




1 


=S 


8 = 24 = 


=: 480 


-=: 


31.08 








1 == 8 = 


60 


.= 


8.886 








1 = 


20 

1 


= 


1.295 
0.0647 








IVof Fe^iU. 








■"- 1 


Oi 


MM. 


F»m««i^te. 


Gzaina. 


Trendi OrammM. 


1 


— 


12 


= 240 = 


6760 


— 


372.96 






1 


= 20 = 


486 


— 


31.08 








1 = 


24 


= 


1.69 



1 = 



Awirdupois Weight. 



Ovnccs. 




IXraduns. 




Grmios. Freoch Gnunme& 


16 


= 


256 


— 


7000 = 453.26 


1 


^ 


16 


= 


437.5 = 28.328 






1 


= 


27.343 = 1.77 



Imperial Msasure, 



GaUcn. 


Pints. 


Fliiid Ounces. Flnid Drachms. 


Minims. 


1 = 


8 

1 


= 160 = 1280 = 

= 20 = 160 = 

1 = 8 = 

1 = 


76,800 

9,600 

480 

60 



Weight of Water at 62°, contained in an Imperial GaUon^ dec. 



Imperial Gallon . = 

Pint . = 

** Fluid Ounce = 

" Fluid Drachm = 

** Minim . = 



1 American Standard Gallon, of ' 
pure water, at 39**. 5, 



Cubic Inches. 
= 277.274 



Grains. 

70,000 

8,750 

437.5 

54.7 

0.91 



68,372 Troy Grains = 
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We give below the Tables of French Weights and Measures, and we 
■hoald hate been glad to have adopted them in the body of the work ; 
but their use has not become sufficiently general yet. That they will 
supersede our complicated system we have no doubt. In strictly scien- 
tific researches they have already done it. 



FRENCH WEIGHTS AND MEASURES. 



Measures of Length, 







English Inches. 




Xnglislilnehec 


Millimetre 


= 


.03937 


Decametre 


= 393.71000 


Centimetre 


— 


.39371 


Hecatometre 


= 8937.10000 


Decimetre 


= 


3.93710 


Kilometre 


= 89371.00000 


Metre 


= 


39.87100 


Myriometre 


= 893710.00000 



Measures of Capacity, 







Cubic Inches. 




CnUc Inches. 


MiUilitre 


s=: 


.06102 


Decalitre 


= 610.28000 


Centilitre 


= 


.61028 


Hecatolitre 


= 6102.80000 


DeciUtre 


— 


6.10280 


KiloHtre 


= 61028.00000 


Litre 


= 


61.02800 


Myriolitre 


= 610280.00000 



Measures of Weighi, 







English Grains. 




English Grains. 


Milligramme 


= 


.0154 


Decagramme — 


154.3284 


Centigramme 


= 


.1543 


Hecatogramme = 


1543.2848 


Decigramme 


= 


1.5432 


Kilogramme = 


15432.348 


Gramme 


= 


15.4323 


Myriogramme = 


154323.480 
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TABLKa 



TABLE I. 

Shotetng fA« Quantity of Oil of Vitriol (HO,SOt), of ap. gr. 1.84S5, and of 
Auhyiirout Aeid (SCH), in 100 Parta of dilute Sulphuric Acid, of different 
Specific Oravitiet ( Ure), 





Uq«ld Aeld. 


8p.Or. 


DryikAid. 


moid Add. 


8p.0r. 1 


Dry Add. 




100 


1.8485 


81.54 


50 


1.3884 


40.77 




99 


1.8475 


80.72 


49 


1.8788 


89.96 




98 


1.8400 


79.90 


48 


1.3697 


39.15 




9T 


1.8439 


79.09 


47 


1.3612 


38.32 




90 


1.8410 


78.28 


40 


1.3530 


37.51 




95 


1.8370 


77.46 


45 


1.8440 


86.09 




94 


1.8330 


76.05 


44 


1.3345 


35.88 




93 


1.8290 


75.83 


43 


1.3255 


35.06 




93 


1.8233 


75.02 


42 


1.3165 


34.26 




91 


1.8179 


74.20 


41 


1.3080 


83.43 




90 


1.8115 


73.39 


40 


1.2999 


32.61 




89 


1.8043 


72.57 


89 


1.2913 


81.80 




88 


1.7902 


71.76 


88 


1.2826 


30.98 




87 


1.7870 


70.94 


37 


1.2740 


30.17 




80 


I 1.7774 


70.12 


30 


1.2654 


29.35 




86 


' 1.7073 


09.31 


35 


1.2572 


28.54 




84 


, 1.7670 


08.49 


34 


1.2490 


27.72 




83 


1.7406 


07.08 


33 


1.2409 


20.91 




82 


1.7360 


66.86 


32 


1.2334 


20.09 




81 


1.7246 


66.06 


31 


1.2260 


26.28 




SO 


1.7120 


66.23 


30 


1.2184 


24.46 




79 


1.6993 


64.42 


29 


1.2108 


23.66 




78 


1.6870 


63.60 


28 


1.2032 


22.83 




77 


1.6760 


i 62.78 


27 


1.1966 


22.01 




7« 


1.0630 


' 61.97 


26 


1.1876 


21.20 




75 


1.0620 


61.16 


25 


1.1792 


20.38 




74 


1.6416 


60.34 


24 


1.1706 


19.67 




73 


1.6321 


69.82 


23 


1.1626 


18.75 




71 


1 1.6204 


68.71 


22 


1.1649 


17.94 




71 


1.6090 


67.S9 


21 


l.USO 


17.12 




70 


1.6976 


, 67.08 


20 


1.1410 


16.31 




«9 


1.6$6S 


66.26 


19 


1.1330 


16.49 




6S 


; 1.6760 


66.46 


18 


1.1246 


14.63 




«7 


1.6648 


64.63 


17 


1.1166 


1.3.84 




f6 


' 1.6603 


63.82 


16 


1.1090 


13.05 




f,S 


1.6390 


6.^00 


15 


1.0019 


12.23 




U 


l.62$0 


62.18 


14 


1.0963 


11.41 




f3 


1 1.6170 


61.37 


13 


1.0887 


10.60 




n 


1.6066 


60.66 


12 


1.0809 


9.78 




f1 


1.4960 


49.74 


U 


1.0743 


8.97 




^ 


1.4$60 


1 4S.92 


10 


1.0682 


8.16 


M> 


1.4760 


48.11 


9 


1.0614 


1M 


^^ 


1.4660 


47.29 


8 


1.0644 


6.52 


,»vt^ 


1.4.S60 


46.48 


i 7 


1.0477 


5.71 


! ^« 


1.4460 


4.S.66 


1 6 


1.0406 


4.80 


.s,*. 


1.4.<{60 


4I,^.S 


' 6 


1.0.H30 


4.08 


bi 


1.4t^6.S 


44.^it 


4 


1.0268 


3.20 


^s 


^.4'\r^ 


4.^51 


3 


1.0200 


2.440 


/' ^^ 


1.4/'^?^ 


ntut 


3 


1.0140 


1.03 


I 


a; 


Vs4»'^ir 


Wis 


1 


1.0074 


0.8154 
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TABLE n. 

Showing the QuaniUy ofAnhydratu HydroekUnrit Add (HCI) in the Liquid 
Add of diferent Specific Gravilies ( Ure), 



Add 
of i.ao 
in 100. 


Spedfle 
Gr»Tit7. 


Gblorine. 


Hydro- 

eblorie 

Gu. 


Add 
of 1^ 
in 100. 


Spedfe 
Grmvity. 


. Chlorine. 


Hjdro- 

dilorie 

Gu. 




100 


1.2000 


39.676 


40.777 


66 


1.1102 


21.822 


22.426 




99- 


1.1982 


89.278 


40.369 


, 64 


1.1082 


21.426 


22.019 




98 


1.1964 


88.882 


89.961 


63 


1.1061 


i 21.02S 


21.611 




97 


1.1946 


38.486 


89.664 


62 


1.1041 


; 20.632 


21.203 




96 


1.1928 


88.089 


39.146 


61 


1.1020 


20.235 


20.796 




95 


1.1910 


37.692 


38.738 


60 


1.1000 


19.837 


20.388 




94 


1.1898 


37.296 


38.330 


49 


1.0980 


19.440 


19.980 




93 


1.1875 


86.900 


37.923 


48 


1.0960 


19.044 


19.572 




92 


1.1867 


36.603 


37.616 


47 


1.0939 


18.647 


19.166 




91 


1.1846 


36.107 


37.108 


46 


1.0919 


18.250 


18.767 




90 


1.1822 


85.707 


36.700 


46 


1.0899 


17.854 


18.349 




89 


1.1802 


36.310 


36.292 


44 


1.0879 


17.427 


17.941 




88 


1.1782 


34.913 


36.884 


43 


1.0859 


17.060 


17.634 




87 


1.1762 


34.617 


35.476 


42 


1.0838 


16.664 


17.126 




86 


1.1741 


34.121 


35.068 


41 


1.0818 


16.267 


16.718 




86 


1.1721 


33.724 


34.660 


40 


1.0798 


16.870 


16.310 




84 


1.1701 


33.328 


34.252 


39 


1.0778 


15.474 


15.902 




83 


1.1681 


32.931 


33.846 


88 


1.0758 


15.077 


15.494 




82 


1.1661 


32.535 


33.437 


37 


1.0738 


14.680 


16.087 




81 


1.1041 


32.136 


33.029 


36 


1.0718 


14.284 


14.679 




80 


1.1620 


31.743 


32.621 


35 


1.0697 


13.887 


14.271 




79 


1.1599 


31.343 


32.213 


34 


1.0677 


13.490 


13.863 




78 


1.1578 


30.946 


31.806 


83 


1.0657 


13.094 


13.466 




77 


1.1657 


30.550 


31.398 


82 


1.0637 


12.597 


13.049 




76 


1.1536 


80.153 


30.990 


31 


1.0617 


12.800 


12.641 




76 


1.1515 


29.757 


30.582 


30 


1.0597 


11.903 


12.233 




74 


1.1494 


29.361 


30.174 


29 


1.0677 


11.606 


11.826 




78 


1.1473 


28.964 


29.767 


28 


1.0557 


11.109 


11.418 




72 


1.1452 


28.567 


29.359 


27 


1.0537 


10.712 


11.010 




71 


1.1431 


28.171 


28.951 


26 


1.0617 


10.316 


10.602 




70 


1.1410 


27.772 


28.544 


25 


1.0497 


9.919 


10.194 




69 


1.1389 


27.376 


28.136 


24 


1.0477 


9.522 


9.786 




68 


1.1369 


26.979 


27.728 


23 


1.0467 


9.126 


9.379- 




67 


1.1349 


26.583 


27.321 


22 


1.0437 


8.729 


8.971 




66 


1.1328 


26.186 


26.918 


21 


1.0417 


8.332 


8.663 




65 


1.1308 


25.789 


26.506 


20 


1.0397 


7.935 


8.156 




64 


1.1287 


25.392 


26.098 


19 


1.0377 


7.538 


7.747 




63 


1.1207 


24.996 


25.690 


18 


1.0357 


7.141 


7.340 




62 


1.1247 


24.599 


26.282 


17 


1.0337 


6.745 


6.932 




61 


1.1226 


24.202 


24.874 


16 


1.0318 


6.848 


6.624 




60 


1.1206 


23.805 


24.466 


15 


1.0298 


5.951 


6.116 




69 


1.1185 


23.408 
2^.012 


24.058 


14 


1.0279 


5 554 


6.709 




68 


1.1104 


23.650 


13 


1.0259 


5.158 


5.801 




57 


1.1143 


22.615 


23.242 


12 


1.0239 


4.762 


4.898 




56 


1.1123 


22.218 


22 834 


11 


1.0220 


4.^ii^ 


I \A^^ V 
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TABLE 1. 

I Qmmr^ ^ Oil of Vitriol (HO^Os), of tp. gr. 1.8485, and tf 
I M^id X^^\ im IM Pmria of dilmiB Smijfluurie Aeid^ of differaU 



1 


^^^ 


^^ 


It^M^ 


IJ^I^AM. 


%ar. 


mjAfM. 


tM 


tS«3l 


fll>l 


54 


1.33S4 


40.77 


] n 


l-S4Ti 


S4.T1 


4» 


urss 


39.95 


i 99 


IM^a 


T«.W 


4S 


1.309T 


39.15 


IT 


lAtSM 


n-w 


4T 


1.3011 


3§.32 


9ff 


l.B41i 


T3JS 


4ft 


1*3530 


37.51 




»6 


1,33TS 


TT.4« 


45 


1.3440 


36.09 , 




U 


1.5339 


TtiS 


44 


1.3345 


35.BS 




93 


IJ^« 


15.53 


43 


1,3355 


35.00 




n 


t.S233 


T5.8I 


41 


1.31^ 


54.25 




»i 


131T» 


T4J« 


41 


LSOSft 


33.43 




M 


LStU 


n.3f 


40 


1.19Vi 


32.61 




S9 


]3»43 


72-57 


30 


1.1915 


31.80 




ss 


LTTWa 


7LT5 


38 


1.2^20 


30.9S 




ST 


i.r3T» 


J Tf-M 


3r 


1.5740 


30.17 




S« 


1.TTT4 


icta 


3ft 


1.2054 


29.35 




» 


l.TftT3 


e».3t 


35 


1.3573 


33.54 




W 


l.T57t 


iaL49 


M 


1J490 


27.73 




S3 


LT4«5 


•r.«s 


33 


lJ40g 


3«.9l 




33 


LTStftt 


If.3< 


31 


1.1334 


16.00 




$1 


LHl^ 


t«.ft5 


31 


IJlftO 


35 2ft 




S« 


LTl=t 


«5^3 


3ft 


1.21M 


34.46 




T9 


l.«99J 


54.43 


S9 


1,2J08 


23.65 




73 


i^ijiro 


%^M 


23 


1.2032 


22.S3 




* 7 


LPT 5ft 


€2.7^ 


27 


1.1050 


22.01 




r« 


l.e4>30 


6K97 


2fi 


i.isro 


31. 2n 




:i 1 


l.e520 


81.15 f 


25 


1.1792 


20.33 




r4 


L^U 


fiO.34 1 


34 


l.l70rt 


19.57 




rj 


LSJ31 


59.S2 ■ 


33 


1,1626 


18.75 




*3 


1.6*^4 


53.71 


21 


1.1549 


17.94 




II 


L60»a 


S7.S9 


21 


l.USO 


17.13 




ro 1 


1.59:5 


57.03 


20 


1.1410 


16.31 




6» 


L5Se5 


56.:rfi 


I« 


1.1 rio 


15.49 




e< 


L57e0 


55.45 


13 


1.1245 


14.63 




«r 


Lo6l^ 


54.£3 


IT 


l.llfl5 


1.1. S4 




e6 


1.5503 


53.S3 


Ifi 


1.1090 


13.05 




§3 


1.5390 


53.00 


15 


1.0019 


12.2.1 




M 


1.52S0 


52. IS 


U 


1.0953 


11.41 




«3 


i,5iro 


51.:i7 


13 


I.OSST 


10.60 




fii 


L^Ofiff 


50.55 


13 


1.0809 


9,73 




ei 


1.4960 


49.74 


11 


J.0743 


8.97 




60 


1.45fi0 


4S,93 


10 


1.0633 


S.15 




59 


lAT^Q 


4S.a 





1.0614 


7.34 




53 


1.4060 


47.29 


9 


1.0544 


6.53 




5r 


K4560 


46.43 


7 


1.0477 


5. 71 




511 


1.44G0 


45.66 


A 


1.0405 


4,89 




S^ 


1.4.160 


44.S5 


5 


1.0.H3fl 


4.08 




54 


L42«5 


44,0:i 


4 


1.026g 


3.26 


53 


1.4170 . 


4.1.52 


3 


1.0206 , 


2.446 


53 


1.4073 f 


43.40 


2 


L0J40 


1.63 


/ '' ' 


1.3U77 1 


41.53 


1 


1.0074 


0.8154 
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TABLE II. 

Showing the Quantity of Anhydrous Hydrochloric Acid (HCI) in the Liquid 
Acid of different Specific Gravities ( Ure). 



Acid 
of 1.20 
In 100. 


Specific 
Gravity. 


Chlorine. 


Hydro- 

chloric 

Gas. 


Acid 
of 1.20 
in 100. 


Specific 
QraTity. 


Chlorine. 


Hydro- 

chloric 

Gas. 




100 


1.2000 


39.676 


40.777 


65 


1.1102 


21.822 


22.426 




99- 


1.1982 


39.278 


40.369 


64 


1.1082 


21.426 


22.019 




98 


1.1964 


38.882 


89.961 


63 


1.1061 


21.02S 


21.611 




97 


1.1946 


38.485 


39.564 


62 


1.1041 


20.632 


21.203 




96 


1.1928 


38.089 


39.146 


61 


1.1020 


20.236 


20.796 




95 


1.1910 


37.692 


38.738 


50 


1.1000 


19.837 


20.388 




94 


1.1898 


37.296 


38.330 


49 


1.0980 


19.440 


19.980 




93 


1.1875 


36.900 


37.923 


48 


1.0960 


19.044 


19.572 




92 


1.1857 


36.503 


37.516 


47 


1.0939 


18.647 


19.165 




91 


1.1846 


36.107 


37.108 


46 


1.0919 


18.250 


18.757 




90 


1.1822 


85.707 


36.700 


46 


1.0899 


17.854 


18.349 




89 


1.1802 


35.310 


36.292 


44 


1.0879 


17.427 


17.941 




88 


1.1782 


34.913 


35.884 


43 


1.0859 


17.060 


17.534 




87 


1.1762 


34.517 


35.476 


42 


1.0838 


16.664 


17.126 




86 


1.1741 


34.121 


35.068 


41 


1.0818 


16.267 


16.718 




85 


1.1721 


83.724 


34.660 


40 


1.0798 


16.870 


16.310 




84 


1.1701 


33.328 


34.252 


39 


1.0778 


15.474 


15.902 




83 


1.1681 


32.931 


33.846 


38 


1.0758 


15.077 


15.494 




82 


1.1661 


32.535 


33.437 


37 


1.0738 


14.680 


15.087 




81 


1.1C4I 


32.136 


33.029 


36 


1.0718 


14.284 


14.679 




80 


1.1620 


31.743 


32.621 


35 


1.0697 


13.887 


14.271 




79 


1.1599 


81.343 


32.213 


34 


1.0677 


13.490 


13.863 




78 


1.1578 


30.946 


81.805 


33 


1.0657 


13.094 


13.456 




77 


1.1557 


30.550 


31.398 


32 


1.0637 


12.697 


13.049 




76 


1.1536 


80.153 


30.990 


31 


1.0617 


12.300 


12.641 




76 


1.1515 


29.757 


30.582 


30 


1.0597 


11.903 


12.233 




74 


1.1494 


29.361 


30.174 


29 


1.0577 


11.606 


11.826 




78 


1.1473 


28.964 


29.767 


28 


1.0557 


11.109 


11.418 




72 


1.1462 


28.667 


29.859 


27 


1.0637 


10.712 


11.010 




71 


1.1431 


28.171 


28.951 


26 


1.0517 


10.316 


10.602 




70 


1.1410 


27.772 


28.644 


25 


1.0497 


9.919 


10.194 




69 


1.1389 


27.376 


28.136 


24 


1.0477 


9.622 


9.786 




68 


1.1369 


26.979 


27.728 


23 


1.0457 


9.126 


9.379- 




67 


1.1349 


26.683 


27.821 


22 


1.0437 


8.729 


8.971 




66 


1.1328 


26.186 


26.918 


21 


1.0417 


8.332 


8.568 




65 


1.1308 


26.789 


26.505 


20 


1.0397 


7.936 


8.156 




64 


1.1287 


26.392 


26.098 


19 


1.0377 


7.638 


7.747 




63 


1.1207 


24.996 


25.690 


18 


1.0357 


7.141 


7.340 




62 


1.1247 


24.699 


25.282 


17 


1.0337 


6.746 


6.932 




61 


1.1226 


24.202 


24.874 


16 


1.0318 


6.348 


6.624 




60 


1.1206 


23.805 


24.466 


15 


1.0298 


5.951 


6.116 




59 


1.1185 


23.408 
2^.012 


24.058 


14 


1.0279 


5 554 


5.709 




58 


1.1164 


23.650 


13 


1.0259 


5.158 


5.301 




57 


1.1143 


22.615 


23.242 


12 


1.0239 


4.762 


4.893 




56 


1.1123 


22.218 


22 834 


11 


1.02.2ft 


\.^^^ 


\ \.8iS«.\ 
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TABLE VIL 

Showing tht Qunnfify o/Abtolute Alcohol {C^HiO^HO) contained in Diluted 

Alcohol of dtJftrr*!Jit Specific Gravities (Fownea), 



gp. Qt. ftt 00^. 


rul AleohDl. 


Bp. Or- at 60°, 


T«iil Alcohol. 


1 




0.999X 


0.5 


a 9511 


34 


0.8769 


68 


0.99SI 


1 


0.0490 


35 


0.8745 


1 69 


0,9005 


2 


0.9470 


36 


0.8721 


70 


0.9947 


& 


0.9452 


37 


0.8606 


' 71 


0,9930 


4 


0.9434 


as 


0.8672 


72 


0.9914 


5 


0.9416 


39 


0.8G49 


73 


a989B 


6 


0.9396 


40 


0,8G25 


74 


0.9S8I 


7 


0.9376 


41 


0.8603 


76 


0.9869 


6 


0.9S56 


42 


0.8581 


76 


0.9655 


9 


0.9335 


43 


0.8557 


77 


0.9841 


10 


0.9314 


44 


0.8533 


78 


0.9828 


11 


0.9292 


45 


0.8508 


79 


0.9815 


12 


0.9270 


46 


0.8483 


80 


0.iJB02 


13 


0.9219 


47 


0.8459 


81 


0.^1789 


U 


0.9228 


48 


1 0.8434 


82 


0.9778 


15 


0.9206 


40 


0.8408 


83 


0,9766 


16 


0.9184 


50 


0.8382 


84 


0.9753 


17 


0.9160 


61 


0.8357 


85 


0.9741 


18 


0.9135 


52 


0.8331 


86 


0,9728 


19 


0.9113 


53 


0.8305 


87 


0.971G 


20 


o.oono 


54 


0.827D 


88 


0.&70i 


21 


0,9009 


65 


0.8254 


89 


0-9G91 


22 


0.9047 


56 


0.8228 


90 


0.9678 


23 


9025 


57 


0.8199 , 


91 


0.9665 


24 


0.9001 


58 


0.8172 


92 


0.1^052 


25 


0.8979 


59 


0.8145 


93 


0.9038 


26 


0.8956 


60 


0.6118 1 


94 


09623 


27 


0.8932 


61 


0.8089 1 


95 


0.9609 


23 


0,S908 


62 


0.8061 ; 


96 


0,9503 


29 


0.8886 


63 


0.8031 


97 


0.9u78 


30 


0.8363 


64 


0.8001 


98 


0.9560 


31 


0.8840 


65 


0.7969 


99 


0.9n44 


32 ' 


0.B81G 


66 


0.7938 


100 


0.952B 


33 


0.8793 


67 







TABLE VIII. 

Showing the Specific Grciviiiej of Mixtures of Ether and Alcohol in different 
proportions Dalion). 





Sperifle 


SUur. 


Al«]ho1 


\ Speqlno 


J!ther, 


Al^^OhDl 




Qnvtti'. 




(sp.irr.a3fl). 


Gr*Tlt7. 


(itp. KT. 830), 




724 


100 





792 


40 


60 




7;i2 


90 


10 


804 


30 


70 




744 


80 


20 


816 


20 


80 


J 


756 


70 


30 


828 


10 


90 


/ 7r,8 


60 


i 4^ 


, zm 





100 


I 7S0 i 


50 


m 


\\ 


\ 


^ 
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TABLE IV. 

Showing the Quantity of Anhydrous Potash {K0\ in Solutions of different 
Specific Gravities [Dalton). 



Specific 


Potash 


BoQing 


Specific 


Potash 


Boiling 


Gravity. 


per Cent 


Point. 


Gravity. 


per Cout. 


Point. 


1.63 


51.2 


829° 


1.33 


26.3 


2290 


1.60 


46.7 


290 


1.28 


23.4 


224 


1.52 


42.9 


276 


1.28 


19.5 


220 


1.47 


89.6 


265 


1.19 


16.2 


218 


1.44 


86.8 


265 


1.15 


18.0 


215 


1.42 


84.4 


246 


1.11 


9.5 


214 


1.39 


82.4 


240 


1.06 


4.7 


213 


1.36 


29.4 


234 









TABLE V. 

Showing the Quantity of Anhydrous Soda {NaO) in Solutions of different 
Specific Gravities {Dalton). 



Specific 


Soda 


Boning 


Specific 


Soda 


Boiling 


Gravity. 


percent 


Point 


Gravity. 


percent 


Point 


2.00 


77.8 


°? 


1.40 


29.0 


242° 


1.85 


63.6 


600 


1.36 


26.0 


235 


1.72 


63.8 


400 


1.32 


22.0 


228 


1.63 


46.6 


300 


1.29 


19.0 


224 


1.56 


41.2 


280 


1.23 


16.0 


220 


1.50 


36.8 


266 


1.18 


18.0 


217 


1.47 


84.0 


265 


1.12 


9.8 


214 


1.44 


81.0 


248 


1.06 


4.7 


213 



TABLE VI. 

Showing the Quantity of Ammoniacal Gas (NH3) in Aqueous Solutions of 
different Specific Gravities (Dalton), 



Spedfio Gravity. 


Grains of Ammonia in 
100 grains of the liquid. 


Boiling Point 


Tolames of gas in one 
volume of the liquid. 


.850 


85.3 


260 


494 


.860 


32.6 


88 


456 


.870 


29.9 


50 


419 


* .880 


27.3 


62 


882 


.890 


24.7 


74 


846 


.900 


22.2 


86 


311 


.910 


19.8 


98 


277 


.920 


17.4 


110 


244 


.930 


15.1 


122 


211 


.940 


12.8 


134 


180 


.950 


10.5 


146 


147 


.960 


8.8 


158 


116 


.970 


6.2 


173 


87 


.980 


4.4 


\ m \ ^^ 


.990 


2.0 
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TABLE VII. 

Shawuig tht Quantity of Ahtolute Alcohol (C^HiO^IIO) contained in Diluted 

Alcohol of different Specific Gravitiet {Fownet). 



8f. Or. at OP. 


Fvc«Bta|t»or 
rMlAkohoL 


SpLOr.atOOP. 


Perecntafceof 
FMlAkohoL 


1 
Sp. Or. at eO°. 


Percenta(E«of 
roal AIoohoL 


0.9991 


0.5 


0.9511 


34 


0.8769 


68 


0.9981 


1 


0.9490 


85 


0.8745 


69 


0.9965 


2 


0.9470 


86 


0.8721 


70 


0.9947 


3 


0.9452 


37 


0.8696 


71 


0.9930 


4 


0.9434 


38 


0.8672 


72 


0.9914 


5 


0.9416 


39 


0.8649 


73 


0.9898 


6 


0.9396 


40 


0.8625 


74 


0.9884 


7 


0.9376 


41 


0.8603 


75 


0.9869 


8 


0.9356 


42 


0.8581 


76 


0.9855 


9 


0.9335 


43 


0.8557 


77 


0.9841 


10 


0.9314 


44 


0.8533 


78 


0.9828 


11 


0.9292 


45 


0.8508 


79 


0.9815 


12 


0.9270 


46 


0.8483 


80 


0.9802 


13 


0.9249 


47 


0.8459 


81 


0.9789 


14 


0.9228 


48 


0.8434 


82 


0.9778 


15 


0.9206 


49 


0.8408 


83 


0.9766 


16 


0.9184 


50 


0.8382 


84 


0.9753 


17 


0.9160 


51 


0.8357 


85 


0.9741 


18 


0.9135 


52 


0.8331 


86 


0.9728 


19 


0.9113 


53 


0.8305 


87 


0.9716 


20 


0.9090 


54 


0.8279 


88 


0.9704 


21 


0.9069 


65 


0.8254 


89 


: 0.9G91 


22 


0.9047 


56 


0.8228 


90 


! 0.9G78 


23 


0.9025 


57 


0.8199 


91 


0.966O 


24 


0.0001 


58 


0.8172 


92 


0.9G52 


25 


0.8979 


59 


0.8145 


93 


0.9638 


26 


0.8056 


60 


0.8118 


94 


0.0623 


27 


0.8032 


61 


0.8089 


95 


0.9609 


28 


0.8008 


62 


0.8061 


96 


0.9503 


29 


0.8886 


63 


0.8031 


97 


0.0578 


30 


0.8863 


64 


0.8001 


98 


0.0560 


31 


0.8840 


65 


0.7969 


99 


0.0544 


32 


0.8816 


66 


0.7938 


100 


0.0528 


33 


0.8793 


67 







TABLE VIII. 

Showing the Specific Gravities of Mixtures of Ether and Alcohol in different 
proportions (Dalton), 





Specific 


Ether. 


Alcohol 


Specific 


Ether. 


Alcohol 




Gravity. 




(8p. gr. 830). 


Gravity. 


(f^ gr. 830). 




724 


100 





792 


40 


60 




732 


90 


10 


804 


30 


70 




744 


80 


20 


816 


20 


80 




756 


70 


30 


828 


10 


90 


1 


768 


60 


40 


830 





100 


L 


780 


50 


60 


\ 


V 
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TABLE IX. 

Table of the Corresponding Degrees on the Scales of Fahrenheit, Centigrade^ 
and Reaumur, or Celsius, 



Fahr. 


Beaum. 


Cent. 


Fahr. 


Reaum. 


Cent. 


Fahr. 


Beanm. 


Gent 


212 


80 


100 


149 


52 


65 


50 


8 


10 


203 


76 


95 


140 


48 


60 


41 


4 


5 


194 


72 


90 


131 


44 


55 


32 








185 


68 


85 


122 


40 


50 


23 


4 


5 


176 


64 


80 


113 


36 


45 


14 


8 


10 


167 


60 


75 


104 


32 


40 


5 


12 


15 


158 


56 


70 


95 


28 


35 


4 


16 


20 








86 


24 


30 


13 


20 


25 








77 


20 


25 


22 


24 


80 








68 


16 


20 


31 


28 


85 








59 


12 


15 


40 


82 


40 



TABLE X. 
HYDROMETER TABLES. 

COMFARISON OF THE DEGREES OF BAUM^'s HYDROMETER, WITH THS 
REAL SPECIFIC GRAVITY. 







For Liquids Heavier than Water, 








Specific 
gravity. 


1 
Degrees. 


Specific 
gravity. 


Degrees. 


Specific 
gravity. 


Degrees. 


Specific 
graTity. 





1.000 


20 


1.152 


40 


1.357 


60 


1.662 


1 


1.007 


21 


1.160 


41 


1.369 


61 


1.670 


2 


1.013 


22 


1.169 


42 


1.381 


62 


1.689 


3 


1.020 


23 


1.178 


43 


1.395 


63 


1.708 


4 


1.027 


24 


1.188 


44 


1.407 


64 


1.727 


5 


1.034 


25 


1.197 


45 


1.420 


65 


1.747 


6 


1.041 


26 


1.206 


46 


1.434 


66 


1.767 


7 


1.048 


27 


1.216 


47 


1.448 


67 


1.788 


8 


1.066 


28 


1.225 


48 


1.462 


68 


1.809 


9 


1.063 


29 


1.235 


49 


1.476 


69 


1.831 


10 


1.070 


80 


1.246 


50 


1.490 


70 


1.854 


11 


1.078 


31 


1.256 


51 


1.495 


71 


1.877 


12 


1.085 


82 


1.267 


52 


1.520 


72 


1.900 


13 


1.094 


33 


1.277 


53 


1.536 


73 


1.924 


14 


1.101 


34 


1.288 


54 


1.561 


74 


1.949 


15 


1.109 


35 


1.299 


56 


1.667 


75 


1.974 


16 


1.118 


36 


1.310 


56 


1.583 


76 


2.000 


17 


1.126 


37 


1.821 


67 


1.600 






18 


1.134 


38 


1.333 


58 


1.617 






19 


1.143 


39 


1.845 


69 


1.634 




* 
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GLOSSARY OF CHEMICAL TERMS.* 



Absobp^tion, from absorbeo, to suck up ; the act of imbibing a fluid. 

AoETio ACID, from acetum, yinegar ; the acid contained in yinegar. 

A^SKiFOKM, from hiiPf the air, and forma, a form ; haying the form or 
properties of air. 

Atfin^itt, from ad, to, and finitt a boundary; relationship; the force 
-which causes particles of dissimilar kinds of matter to combine 
together, so as to form new matter. 

Albu^men, -inous, from albumen^ the white of an egg ; an important 
animal principle. The white of an egg consists chiefly of albumen 
and water, contained in a cellular tissue. 

Al^cohol, from an Arabic word ; the intoxicating principle of spirit- 
uous liquors. 

Al^dehyde, alcohol being deprived of two atoms of its oxygen, derived 
from alcohol and dehydrogenatus, 

Al^kali, a soluble body, with a hot caustic taste, which possesses the 
power of destroying or neutralizing acidity. The term is derived 
from the Arabic article, al, and kali^ the Arabic name of a plant, 
from the ashes of which one of the most important alkalies is 
obtained. 

Al^lots, compound of any metals, except mercury. 

Amal^oam, from a/ia, together, and ya/iiu, to marry ; a term signifying 
the union of any metal with mercury, which has the property of 
dissolving several of the metals. 

APHIDES, a derivative of ammonia. 

Ammo^nia, KHs, the origin of the term doubtful. 

Amob^phous, from d, not, and /io/>^^ a form ; not possessing any regu- 
lar form. 

An^alogue, that which is the counterpart of another. 

Anal^oot, -ical, and -ous, from dva, among, and \6yos, a relation or 
proportion ; a likeness or resemblance between things, with regard 
to their circumstances or cff^ects. 



• Many of the daflnitions are taken almost vet\>aUmlTomI>wA«\\%C:\i*\s\tT\Vt^\««»»$o^ 



456 GLOSSABY. 

AsA^LTsis, from iifk, mmong, and Xiw, to loosen ; the separation of a 

substance into its component parts. 
Am^tlini, CioHio, deriyed from amyl spirit {wood tpirit, fiuel oU), 
A^KiLiNi, CisHtN, name deriyed from anil, a name for indigo. 
Abbor DiAM^a, Diana, the ancient name for silyer. The silver tree ; 

produced by placing mercury in a solution of nitrate of silver. 
A&BOR Satur^ki, the lead tree ; produced by placing zinc in a solution 

of acetate of lead. Saturn was one of the names of lead. 
Akht^drous, from d, not, and Cdcdp, water; containing no water. 
Amtisbp^tio, from a^rl, against, and dprta, to putrefy ; possessing the 

power of proTenting or retarding putrefaction. 
Aqua Rbqia, t. e.. Regal Water, a mixture of nitric and hydrochloric 

acids ; so called from its property of dissolying gold, which was 

held by the alchemists to be the king of the metals. 
At^mosphbrb, from <ir/idf , yapor, and c^Tpa, a sphere ; commonly used 

to denote the sphere of air which surrounds the globe. 
At^om, from d, not, and rl/iyu, to cut ; a minute particle of matter, not 

susceptible of further diyision. 
Attbac^tiok, from ad, to, and traho, to draw; the tendency which 

bodies have to approach or unite with each other. 
A^zoTE, from d, not, and M, life ; another name for nitrogen ; so called 

because it is incapable of supporting respiration. 

Ba^bium, from Pap^, heavy ; the metallic base of baryta. 

Babom^eteb, from Pdpof^ weight, and nirpov, a measure ; an instrument 
for measuring the varying pressure of the atmosphere. 

Baby^ta, a compound of oxygen and the metal barium (BaO), possess- 
ing alkaline properties. 

Ben^zole, CnHc, the lightest product of the distillation of coal. 

BiB^ULOus, from bibo, to drink ; that which has the property of drink- 
ing in, or absorbing, moisture. Bibulous paper. 

Bonbon, a dark, olive-colored elementary substance, obtained from 
boracic acid, insoluble in water, and a non-conductor of electricity. . 

Bbo''mine, from /?pw/ioy, a strong odor; an elementary liquid of a red- 
dish-brown color, and suffocating smell : in chemical properties, it 
strongly resembles iodine. 

Catfein^e, CsHsN^O, the alkali formed in coffee, tea, and the ilex. 
Calo^bic, from calor, heat ; an imaginary fluid substance, supposed to 

be diffused through all kinds of matter, and the sensible effect of 

which is called heat. 
Cap^illabt, from capillus, a hair ; resembling, or having the form of 

hairs. 
Gap^rule, from capsula, a little chest ; a small shallow cup. 
Car^bon, from carbo, a coal ; the chemical name for charcoal. 
CAUS^TiCf from icoiw, to buTn\ ^oaaft%%vn^ the power of burning. 
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Chem'istrt, from an Arabic word, signifying the knowledge of the 
substance or constitution of bodies ; the science whose object it is 
to examine the constitution of bodies. 

Chlo^bine, from xXupd^, green ; a greenish-colored gas, of a pungent 
suffocating smell, and possessing chemical properties nearly allied 
to those of oxygen. 

Cleat^aoe, Plane of, the plane in which crystals haye a tendency to 
separate. 

CoHE^siON, from coriy together, and hcereo, to stick; the power which 
causes the particles of a body to cling together and resist separa- 
tion. 

CoMBTJS^TiON, from comburOf to bum ; the disengagement of light and 
heat, which frequently accompanies chemical combination. 

CoNDUO^TiON, from corif together, and duco, to lead ; the power of trans- 
mitting heat or electricity, without change in the relative position 
of the particles of the conducting body. 

CoNOBLA^TiON, from coH, together, and ffelo, to freeze ; the process of 
freezing. 

CoNSTiT^UENT, from conttUuOf to put together ; that of which anything 
consists, or is made up. 

CoNTBAC^TiON, from eon, together, and traho, to draw ; the state of being 
drawn into a narrow compass, or becoming smaller. 

CoBPUS^cuLAB, from eorputf a body ; composed of, or rel&ting to atoms. 

Cbe^atin, from tcpeas, fiesh, existing in the juice of flesh. 

Cbystallo^qbaphy, from «fpt)<rraXXof, a crystal or ice, and ypatpa, to de- 
scribe ; the science which treats of crystals. 

Cbystalliza^tion ; the formation of crystals during the passage of 
certain substances from a fluid to a solid state. 

Ctan^ogen, from Kvavos, blue, and yewaa, to produce; a colorless gas, 
composed of carbon and nitrogen (^C2N). Its chemical properties 
much resemble those of chlorine ; it derives its name from the cir- 
cumstance of its entering into the composition of prussian-blue. 

Gt^anide ; a compound of cyanogen with a metal is called a cyanide, 
as cyanide of potassium (K,C;jN). 

Dbcomposi^tion ; the resolution of a compound substance into its com- 
ponent parts. 

Decbepita^tion, from de, from, and crepito, to crackle ; the crackling 
noise which certain salts make when heated, usually caused by the 
sudden escape of water. 

Deflaqba^tion, from defiagro, to burn ; burning. 

Deliques^cence, from deliqtteo, to melt ; a gradual melting or dissolv- 
ing, caused by the absorption of water from the atmosphere. 

Den^sitt, from densus, thick ; vicinity or closeness of particles ; spe- 
cific weight. 

Deox^idizb ; to deprive of oxygen. 
20 
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DsTOHA^nON, from deiono, to thunder; explosion accompanied with 

noise. 
Di^AMOND, from ia/iao^ damao, to conquer ; alluding to its great hard- 

ness. 
DiAPH^ANOufl, from ii^t through, and ^atvta^ to shine ; that which allows 

a passage to the rays of light, but disperses them so as to prevent 

direct vision. 
DiATHiB^MANOUs, from ^(&, through, and Ocp/«>f, heat; that through 

which heat will pass, is said to be diathermanous, 
DiMOB^pHous, from Hi, twice, and fufxpfi, a form; having two distinct 

crystalline forms. 
DisiNTioBA^TioN, from diit meaning separation, and integer^ whole; a 

complete separation of particles. 
DiSTiLLA^TioN, a separation drop by drop ; the process by which a fluid 

is separated from another substance by being first converted into 

vapor, and afterwards condensed drop by drop. 
DoDsoAHB^DBON, from HaUKa, twolvc, and liga^ a base or side ; a solid 

figure contained by twelve equal sides. 

Ebulli^tion, from ebtdlio, to boil ; the act of boiling. 

Ebul^liscopb^, an instrument to determine the amount of material in a 
solution from the boiling point of the solution. 

ErrEBTBS^CBNCE ; the escape of bubbles of gas formed in a liquid, as 
when marble is decomposed by hydrochloric acid. 

Efflobbs'^cence, from effloreicOj to blow as a flower; the formation of 
small crystals on the surface of bodies, in consequence of the ab- 
straction of water from them by the atmosphere. 

Electbi^citt, from fiXccrpoK, amber; the name of a power of matter, 
which produces a variety of peculiar phenomena, the first of which 
were observed in the mineral substance called amber; the laws, 
hypotheses, and experiments by which they are explained and illus- 
trated constitute the science of electricity. 

Elec^trode, from fiXeKTpov^ electricity, and hSdf, a way; tlie point at 
which an electric current enters or quits the body through which 
it passes. 

Electro^lysis, from /^Xejcrpov, electricity, and X^w, to loosen ; the act of 
decomposing bodies by electricity. 

El^ement, from elementum, an element ; that which cannot be resolved 
into two or more parts, and contains but one kind of ponderable 
matter. 

Empybexjmat^ic, from h, in, and jrup, fire ; having the taste or smell of 

burnt animal or vegetable substances. 
En^'dosmosb, from iviov, within, wa/i^, the act of pushing ; a flowing 

from the outside to the inside. 
Eqtjiv^alent, from aquxny equal, and valeo, to be worth; equal in 

V^lue, ox, in the power of combining with other substances. 
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Eremecau^sis, from irpe/ia, eremOf slow, and Kavcts, kausit, combustion, 
indicating the nature of the slow decay of bodies, which is a true 
combustion. 

Etapoba^tion, from f, out, and vapory vapor ; the conversion of a liquid 
into vapor. 

Ex'^osMOSE, from efb), without, and oxr/idf, the act of pushing ; a flowing 
from the inside to the outside. 

ExPAN^siON, from erpando, to open out; the enlargement or increase in 
the bulk of bodies, which is produced by heat. 

ExPBB^iMSNT, from experior, to attempt, to try; something done in 
order to discover an uncertain or unknown effect. 

ExPLO^siON, from ez, out, and plaudo, to utter a sound ; a sudden ex- 
pansion of an elastic fluid, with force and a loud report. 

Febmenta'tion, from fermentum^ that which is light and puffy; origi- 
nally applied to the process by which alcohol is formed in saccha- 
rine liquids. 

Ferbu^ginous, from /errum, iron; belonging to, or resembling, iron. 

FiL^TEB, a strainer. * ^ 

Flu^obine, from fluoy to flow; an elementary principle contained in 
fluor spar, which is so called fh>m its acting as a flux in the work- 
ing of certain minerals. 

Flux, from fluo^ to flow ; that which itself readily melts when heated, 
and assists in the fusion of other substances when mixed with it. 

Fo^cus, from foeut, a fire-place ; a point in which a number of rays of 
light or heat meet, after being refracted or reflected. 

Fbitt^ino, a term used by glass-makers for an incipient process of 
vitrification. 

Oas, a permanent aeriform fluid. 

Gelat^ikous, from ffelo, to freeze; resembling jelly. 

•Qbav'ity. from gravis^ heavy ; the natural tendency of bodies to fall 

towards a centre, usually the centre of the earth. 
Qbavity, Specific ; the relative gravity or weight of a body, considered 

with regard to an equal bulk of some other body, which is assumed 

as a standard of comparison. 

Ha^loid, from dXf, haU, salt, and ci^r, form, having the form or appear- 
ance of salt ; including those ides formed from chlorine, bromine, 
iodine, and fluorine. 

Hetebooe^neous, from fre/xr^, different, and y^yf;, kind ; different in 
nature and properties. 

IIoHOGE^NEOUS, from ^/idf, like, and yivoi, kind; alike in nature and 
properties. 

Htdba^cids, including those acids not containing oxygen. 

Hy^dbatb, from v^oip, water ; any substance which contains water che- 
mically combined. 



460 GLOSSABY. 

Ht^dbooin, from Uwp, water, and ytyyaw, to produce ; an iuflainmable, 

colorless, and aeriform fluid ; Uie lightest of all known substances, 

and one of the elements of water. 
Ht^dbo ; when prefixed to the name of a chemical substance, denotes 

that hydrogen enters into the composition of the substance which 

it signiHes. 
Ht^po, from ^, under ; when prefixed to a word, denotes an inferior 

quantity of some ingredient which enters into the composition of 

the substance which it signifies. 

loNiTB^, from tynit, fire ; to heat a substance to redness ; to set on fire. 
Impon^dbbablb, from tn, not, and pondero, to weigh : that which has 

no perceptible weight. 
Incandes^cint, from mcandesco, to grow white ; white or glowing with 

heat. 
In^cbembnt, from mereaco, to increase ; the quantity by which anything 

increases or becomes greater. 
Inflam'^mablb, from m, and fiamma, a flame ; capable of burning with 

a flame. 
Insula'^tion, from insula, an island ; when a body containing a quantity 

of free heat or electricity is surrounded by non-conductors, it is 

said to be insulated. 
Inteb^stices, from insterstitium, a break or interval; the unoccupied 

spaces between the molecules of bodies. 
louiDE'' ; a compound of iodine and another element, not forming an acid. 
Iodine^, from cci>^i?s, resembling a violet ; a soft opaque elementary sub- 
stance, which, when heated, sublimes in the form of a violet- colored 

vapor. 
Isom-'eric, from t<rof, equal, and /iipoj, a part ; substances which consist 

of the same ingredients, in the same proportions, and yet differ 

essentially in their properties, are called isomeric. 

LAM-'iNiE, from lamina, a thin plate; extremely thin plates, of which 

some solid bodies are composed. 
Leviga-'tion, from Iwvisj smooth ; the reducing of hard bodies to a very 

fine powder, by grinding with water. 
Lig''nin, from lignum^ wood ; an organic principle of which the fibres 

of vegetables are mainly composed. 
Lit-'mus ; a blue pigment obtained from the lichen roeella ; it is a most 

delicate test for acids, which turn it red. 

Mal^'lkable, from malleus, a hammer; that which is capable of being 

spread out by hammering. 
Metal-'lurgy, from nhaWov^ a metal, and ^pyov, a work; the art of 

working metals, and separating them from their ores. 

MoLE''ciTLEf , -au, a diminutive from moles, a mass ; the infinitely small 
material particles, of which bodies are conceived to be aggrcga- 
tions. 
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McciLA^GiNOUft ; resembling mucilage, or gum. 

MuBEX'^iDE, from murex^ a fish affording a purple dye ; a beautiful pur- 
ple compound, resulting from the decomposition of uric acid by 
means of nitric acid. 

Nas'cent, from nascor, to be born ; in the moment of formation. 

Ni^TiiOGEN, from virpov^ nitre, and yevva<a^ to produce; a colorless ele- 
mentary gas, devoid of taste and smell ; it is one of tlie constitu- 
ents of the atmosphere, and also of nitric acid, from which latter 
circumstance it derives its name. 

NiTEO^GENOUs ; Containing nitrogen in combination. 

Nu'cLEUS, from nucleus^ a kernel ; the central parts of a body, which 
are supposed to be firmer, and separated from the other parts, as 
the kernel of a nut is from the shell ; also, the point about which 
matter is collected. 

OcTOHE^DBON, from dcrw, eight, and Wpa, a side ; a solid figure con- 
tained by eight equal and equilateral triangles. 

Olef-'iant gas, from oleum, oil, and fio, to become, a colorless gas, com- 
posed of carbon and hydrogen (C4H4), wliich derives its name from 
its property of forming an oil-like liquid with chlorine. 

Obgan-'jc matter, from Spyavov^ an organ ; matter of which the organic 
parts or juices of plants and animals are composed, or which is 
derived from such parts by the action of chemical agents, is called 
organic. 

Os^MOSE, dxTfidSf pushing, or movement through a membrane. 

Oxhide ; a compound of oxygen with a metal or non-met«llic body, not 
having acid properties. 

Ox^iDiZE ; to combine with oxygen. 

Ox'tobn, from dfdj, acid, and ycvi'dw, to produce ; a colorless elementary 
gas, which was formerly supposed to be the universal acidifying 
principle. 

Pel^licle, a diminutive from pellis, a skin or crust ; a thin crust formed 
on the surface of a solution by evaporation. 

Peb^colate, from per, through, and eolo, to strain ; to strain through. 

Peb^meate, from permeOf to pass through ; to penetrate. 

Phenom'^enon, from ^alvonai, to appear ; an appearance which is more 
or less remarkable. 

Philos'^ophy, from ^iXioi, to love; and co^ia, wisdom; the study or 
knowledge of nature or morality, founded on reason and ex per i- 
rience; the word originally implying " A love of wisdom." 

Piiilogis^ton, from ^Xeyw, to bum ; a name given by the older chemists 
to an imaginary substance, which was considered as the principle 
of inflammability. 

Puos^PHOBUs, from ^, light, and ^fyu, to produce ; a highly inflamma- 
ble elementary substance, obtained from. calcined bones, which 
emits light when placed in the dark, owing to its undergoing a 
slow combustion. 
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pHTf^icf. Pbts'ic^l, froM fi»v. Bstaiv; tke sdcscc of naUnral tiBeiit 

their pbenMBesa, nnift, aad ciecU, wftk tlMir mffectMiBS, BodoBi, 

mild openiioos. 
Plat^ixcm, from plat^ nlrcr. ^ 

PsecMAT'^jcf, from nvfF«, ah* : diat lirmn^ of Nrntnrml Phflosophj whick 

treats of the weight, rlagtirity, and other properties of aeriform 

fluids 

PoLAB^iTT ; the opposition of two equal forces in bodies, similar to thai 
which confers the tendency of magnetised bodies to point towards 
the magnetic poles. 

PoLASiZEU^ LIGHT ; light which, by retection or refiraction at a certain 
angle, or by refraction in certain crystals, has aeqnired the pro- 
perty of exhibiting opposite effects in planes at right angles to 
each other, is said to \^ polariztd. 

PoBKs, from w6p0^^ a passage; the small interstices between Ok^ solid 
particles of bodies. 

Pbkcipita^tiok, from prctdpito, to fall suddenly; the formation and 
separation of a solid substance in a liquid. 

Pbod^l'ct, from pro, forth, and dueo, to draw; anything formed firom 
the elements of another by an operation. 

Pv^no, from irdp, fire ; when prefixed to a word, denotes that the sub- 
stance which it signifies has been formed at a high temperature. 

Qitai/itativk; regarding the properties of a body, and the kinds of 

mtittor of which it i» composed, without reference to quantity. 
Qi!an'tit,\tivk; regarding quantities. 

Kadi \'ti()n, from radixiSy a ray; the shooting forth in all directions 

from :i centre. 
U.mikkaii'tion, from rarua^ rare, and/acio, to make; the act of causing 

a Niil>.Mtaiice to become less dense; it also denominates the state of 

tln.H lesMoiiod density. 
UwrruicA'TioN ; (lie process of drawing anything off by distillation, in 

order to obtain it in a state of greater purity. 
lUntAr'noN, from r?, back, and /ran^o, to break; the deviation of 

r» vs i>f liglit or heat from their direct course, when passing through 

media of ditferent densities. 
Kkkhiui ua'tion, (Vom r<t, again, and/n^i«, cold; the act of cooling. 
lUiMt'MioN. ft'om rr, back, Vkn6. pello^ to drive; that property in certain 

biuUo!*, whervby they mutually tend to recede from each other. 

J»vun'vHtK HAMK!*. fiom *<?/, salt, and fio, to become; bodies capable 

\^i o\k)ubiuiii|{ with acids, to form salts. 
Mvi' us tV\Mu v'K^^its to tttsto of; possessing the power of exciting the 

ov^HUJi s>i ti»aie. 
J*VVv»v''rUkS» -AVk:t»» ft\^w 9Mur, full; the solution of one body in 

HUv^her \\\\\\\ th^ veoeiviug body can contain no more. A solution 

i)i :«H(sl t\> bv» yaturat«d with an acid or an alkali, when the latter is 
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added in sufficient quantity to render it neutral, and iupersaturaUd 
when the point of neutrality has been exceeded. 

Soxu^TioN, from solvo, to loosen or melt; any liquid which contains 
another substance dissolved in it. 

SoL^VENT ; any substance which will dissolve another. 

Specif^'ic, from species^ a particular sort or kind ; that which denomi- 
nates any property which is not general, but is confined to an indi- 
vidual or species. 

Specific gravity ; see Gravity, Specific. 

Sdblima-'tion, from sublimis^ bigh; the act of raising into vapor by 
means of heat, and condensing in the upper part of the vessel. 

Sul^phide; a combination of sulphur with an element not producing 
an acid. 

Tbr^nary, from ter, thrice ; containing three units. 

Tetrahe-'dron, from riccapes^ four, and Ibpa, a base or side; a solid 

figure contained by four equal and equilateral triangles. 
Transpa^rent ; a term to denote the quality of a substance which not 

only admits the passage of light, but also of the vision of external 

objects. 
Trit^urate, from trituro, to thresh ; to reduce to powder. 

Vac'uum, from vacuus, empty, a space empty, and devoid of all matter. 
Vesic^ular, from vesica, a little bladder; bodies composed of vesicles 

are said to be vesicular. 
Vol^ume, from volumen, a roll ; the apparent space occupied by a body. 

Weight; the pressure which a body exerts vertically downwards in 
consequence of the action of gravity. 

Ze'^ro ; the numeral 0, which fills the blank between the ascending and 
descending numbers of a series. 
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Acid, 

Acetic, 320. 
Adipic, 330. 
Arsenous, 136. 
Boracic, 137. 
Butyric, 325. 
Carbonic, 82. 
Chloric, 61. 
Chlorohydric, 76. 
Chromic, 212. 
Citric, 333. 
Cyanic, 374. 
Cyanhydric, 119, 313. 
Ferric, 203. 
Fluohydric, 77. 
Formic, 321. 
Fulminic, 374. 
Gallic, 332. 
Hydrosulphuric, 127. 
Hypochlorous, 61. 
Hyponitric, 103. 
Kinic, 837. 
Lactic, 320. 
Lithic, 409. 
Malic, 330. 
Manganic, 198. 
Margaric, 340. 
Meconio, 337. 
Mucic, 333. 
Nitric, 118. 
Nitrous, 113. 
Oleic, 339. 
Oxalic, 828. 
Pectic, 337. 



Acid, 

Pelargonic, 326. 

Permanganic, 198. 

Phosphorous, 188. 

Phosphoric, 188. 

Pimilic, 880. 

Prussio, 119. 

Pyroligneous, 284. 

Quinic, 887. 

Saccharic, 887. 

Sebacic, 880. 

SiUcic, 188. 

Stannic, 219. 

Stearic, 889. 

Suberic, 880. 

Succinic, 880. 

SulphoYinic, 816. 

Sulphuric, 128. 

Sulphurous, 122. 

Stannic, 219. 

Tannic, 881. 

Valerianic, 326. 
Affinity, 16. 
Air, 98. 
Albumen, 308. 
Alcohol, 808. 
Alcohols, 818. 
Aldehydes, 819. 
Alezarin, 860. 
Alloys, 144. 
Aluminum, 190. 
Amalgams, 242. 
Amides, 829. 
Ammonia, 116. 

Acetate of, 825. 
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Ammonium. Ozalmta of, 829. 

Amjlene, 287. 

Analysis, Proximate, 269. 

Ultimate, 270. 
Aniline, 871. 
Animals, 13. 
Anthracite, 80. 
Antimony, 221. 
Apple oil, 318. 
Aqua regia, 113. 
Arbor Saturni, 232. 
Arsenic, 134. 

Teats of, 186. 
Arseniuretted hydrogen, 186. 
Ashes of plants, 2G1. 
Asphaltum, 358. 
Assafoetida, 85a 
Atmosphere, 19. 
Atomic weights, Table of^ 
Atoms, 12. 
Attraction, 16. 
Aurum musiTum, 221. 



B. 

Barium, 182. 
Baryta, 182. 

Carbonate of, 182. 
Sulphate of, 182. 
Benzole, 286. 
Bile, 399. 
Bismuth, 224. 

Fusible alloy of, 224. 

Oxide of, 224. 

Subnitrate of, 224. 
Bitumen, 318. 
Blast lamp, 96. 
Bleaching powders, 187. 
Blood, 401. 
Blow-pipe, Compound, 61. 

Simple, 97. 
Bluestone, 837. 
Blue vitriol, 237. 
Boiling, 71. 
Bologna vials, 178. 
Bones, 407. 
Borax, 175. 
Boron, 137. 
Brasilin, 360. 
Bread, 387. 
British gum, 188. 



Britannia, 228. 
Bromine, 55. 
Butter, 842. 

C. 

Caffein, 872. 
Calcareous spar, 185. 
Calcium, 188. 

Chloride of, 185. 

Phosphuret of, 185 
Calomel, 244. 
Caloric, 18. 
Camphene, 98. 
Caoutchouc, 859. 
Carbon, 78. 

Bihydruret of, 88. 

Bisulphide of, 129. 

Oxide of, 83. 
Carbonates, 157. 
Carthamin, 860. 
Case hardening, 210. 
Casein, 865. 
Cellulose, 278. 
Ceruse, 232. 
Chalk, 135. 

Chameleon mineral, 198. 
Charcoal, 81. 

Animal, 82. 
Chemical changes, 13. 
Chemistry defined, 15. 
Chlorates, 157. 
Chlorides, 147. 
Chloride of lime, 187. 
Chloride of soda, 181. 
Chlorine, 44. 
Chloroform, 
Chlorophyll, 362. 
Chrome yellow, 230. 
Chromium, 211. 

Oxides of, 211. 
Cider, 304. 
Civet, 363. 
Clay, 191. 
Coal, 79. 
Coal tar, 286. 
Cobalt, 218. 
Collodion, 280. 
Coloring matters, red, 360. 

yellow, 861. 
blue, 861. 
Combination, 32. 
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Combination, Laws of, 82. 
Combustion, 93. 
Compound bodies, 12. 
Congelation, 65. 
Copal, 357. 
Copper, 239. 

Acetate of, 230. 

Alloys of, 240. 

Carbonate of, 239. 

Chloride of, 237. 

Lactate of, 328. 

Nitrate of, 239. 

Oxides of, 236. 

Sulphate of, 237. 

Sulphides of, 237. 
Copperas, 204. 
Corpuscles of blood, 401. 
Corrosive sublimate, 245. 
Cream, 383. 
Cream of tartar, 336. 
Creatin, 391. 
Crystallization, 34. 
Culinary paradox, 73. 
Cyanogen, 119, 373. 



Davy's safety lamp, 89. 
Derbyshire spar, 185. 
Destructive distillation, 284. 
Dew, 70. 
Dextrine, 279. 
Diamond, 78. 
Diastase, 303. 
Diflfusion, 74. 
Digestion, 397. 
Dimorphism, 35. 
Distillation, 307. 
Dolomite, 188. 
Dragon's blood, 360. 
Drop lake, 360. 
Drummond's light, 62. 



£. 

Eggs, 384. 
Electricity, 21. 
Elementary bodies, 11. 
Elements, Table of, 27. 
Enamel, 178. 
Epsom salts, 189. 
Equations, Chemical, 26. 



Equivalents, Chemical, 32. 
Eremecausis, 281. 
Ether, 314. 

Butyric, 314. 
Ethers, 316. 
Eupion, 285. 
Evaporation, 69. 



Fermentation, 299. 

Butyric, 300. 

Lactic, 300. 

Vinous, 300. 

Viscous, 300. 
Ferridcyanogen, 376. 
Ferrocyanogen, 375. 
Fibres, 279. 
Fibrin, 364. 
Flame, 92. 
Flameless lamp, 93. 
Flint, 138. 
Fluorine, 55. 
Fluor spar, 185. 
Food, 372. 

Distribution of, 392. 
Preservation of, 398, 
Forces, 16. 
Formulae, 26. 
Furnaces, 96. 
Fusel oil, 307. 
Fusible metal, 224. 



Galena, 225. 
Galvanism, 22. 
Gamboge, 358. 
Gas, Diffusion, 101. 

Laughing, 101. 

lights, 94. 

Marsh, 88. 
Gastric juice, 398. 
Gelatin, 867. 
German silver, 241. 
Gibbsite, 192. 
Glass, 176. 
Glauber's salt, 180. 
Glucose, 296. 
Glue, 861. 
Gluten, 865. 
Glycerylc, 889, 
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aijo«rin, 889. 
Gold, 254. 

Chloride of, 256. 

Mosaic, 221. 
Goulard's extract, 231. 
Graphite, 80. 
Green vitriol, 204. 
Guano, 291. 
Gum, 291. 

ammoniacum, 858. 

Arabic, 291. 

assafoetida, 204. 

copal, 857. 

lac, 858. 

mastic, 858. 

tragacanth, 291. 
Gun cotton, 280. 
Gunpowder, 106. 
Gutta percha, 859. 
Gypsum, 186. 



Hsematoxylin, 860. 

Hair, 410. 

Hartshorn, 

Heat, 18. 

Hematite, 202. 

Homologous series, 276. 

Honey, 297. 

Horn, 409. 

Hydraulic cement, 185. 

Hydrogen, 56. 

Binoxide of, 75. 
Hydrometers, 24. 



I. 
Ice, 65. 
Ides, 29. 
lUuminntion, 91. 
India rubber, 359. 
Indigo, ."(il. 
Ink, 20f). 
Iodine, 5^3. 
Iron, 198. 

Acetnte of, 824 

Chloride of, 202. 

Manufacture of, 205. 

Oxides of, 201. 

Sulphate of, 204. 
Sulphides of, 208. 



Isomeric, 275. 
Isomorphous, 85. 



Jelly, 887. 



J. 



Kelp, 173. 

Kermes mineral, 228. 
Kerosene, 287. 
King's yellow, 187. 
Kreosote, 284. 
Kyanizing, 283. 



Labarraque's liquor, 181. 

Lactides, 828. 

Lactose, 298. 

Lampblack, 82. 

Lard, 842. 

Lead, Acetate of, 231. 

Alloys of, 227. 

Black, 80. 

Carbonate of, 232. 

Chlorides of, 230. 

Chromate of, 230. 

Nitrate of, 230. 

Oxides of, 228. - 

Red, 229. 

Sugar of, 231. 

Sulphide of, 209. 

White, 232. 
Leather, 848. 
Legumin, 866. 
Lemon syrup, 335. 
Light, 20. 
Lignine, 27. 
Lime, Carbonate of, 185. 

Phosphates of, 187. 

Sulphate of, 186. 

Hypochlorite of, 187. 

Lactate of, 328. 

Oxalate of, 329. 
Limestone, 185. 
Litharge, 328. 
Liquids, Diffusion of, 74. 
Liquorice, 298. 
Loadstone, 202. 
I»\xiiw cfLviatic, 262. 



I]VJ)EX. 



A. 

Acid, 

Acetic, 320. 
Adipic, 330. 
Arsenous, 135. 
Boracic, 137. 
Butyric, 325. 
Carbonic, 82. 
Chloric, 51. 
Chlorohydric, 76. 
Chromic, 212. 
Citric, 333. 
Cyanic, 374. 
Cyanhydric, 119, 313. 
Ferric, 203. 
Fluohydric, 77. 
Formic, 321. 
Fulminic, 374. 
Gallic, 332. 
Hydrosulphuric, 127. 
Hypochlorous, 51. 
Hyponitric, 103. 
Kinic, 837. 
Lactic, 326. 
Lithic, 409. 
Malic, 330. 
Manganic, 198. 
Margaric, 340. 
Meconic, 337. 
Mucic, 333. 
Nitric, 113. 
Nitrous, 113. 
Oleic, 339. 
Oxalic, 328. 
Pectic, 337. 



Acid, 

Pelargonic, 325. 

Permanganic, 198« 

Phosphorous, 188. 

Phosphoric, 183. 

Pimilic, 830. 

Prussic, 119. 

Pyroligneous, 284. 

Quinic, 837. 

Saccharic, 887. 

Sebacic, 880. 

Silicic, 188. 

Stannic, 219. 

Stearic, 889. 

Suberic, 880. 

Succinic, 880. 

Sulphovinic, 816. 

Sulphuric, 128. 

Sulphurous, 122. 

Stannic, 219. 

Tannic, 831. 

Valerianic, 325. 
Affinity, 16. 
Air, 98. 
Albumen, 868. 
Alcohol, 308. 
Alcohols, 318. 
Aldehydes, 819. 
Alezarin, 860. 
Alloys, 144. 
Aluminum, 190. 
Amalgams, 242. 
Amides, 329. 
Ammonia, 116. 

Acetate of, 825. 
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D?D£X. 



PLysical changes, 14. 
Pine-Apple oil, 818. 
riatinuu, 257. 

Chloride of; 259. 
riumhago, 78. 
Polymeric bodies, 276. 
Polymorphous, 86. 
Porcelain, 194. 
Potash, 163. 

chromates, 212. 

A'cetate of, 824. 

BiUrtrate of, 886. 

Oxalate of, 880. 
Potassium, 157. 

Ferrocyanide of, 875. 
Pottery-ware, 198. 
Prince Rupert's drops, 178. 
Protein, 863. 
Prussian blue, 876. 
Prussic acid, 878. 
Prussia! e of potash, 875. 
Purple of Cassius, 256. 
Purpurin, 860. 
Pyrotechny, 168. 



Quartz, 138. 
Quicksilver, 211. 
Quince essence, 319. 
Quinine, 870. 
Quinoidine, 370. 



R. 

Radicals, 273. 
Ratsbane, 135. 
Realgar, 137. 
Red lead, 229. 
Red precipitate, 248 
Resins, 356. 
Respiration, 414. 
Rochelle salts, 336 
Rock oil, 358. 
Roman vitriol, 237 
Rosin, 356. 
Rouge, 360 



S. 



Sago, 289. 
Salaeratus, 163. 
BaI soda, 178. 



Salt, Common, 171. 
Glauber, 180. 
Saltpetre, 164. 
Salts, 80, 150. 

Epsom, 189. . 
of lemon, 880. 
of sorrel, 880. 
Santalin, 861. 
Scheele*8 green, 239. 
Sclerogen, 278. 
Seidlitz powders, 885. 
Selenite, 186. 
Selenium, 180. 
Silica, 188. 
Silicon, 136. 
Silver, 247. 

Alloys of, 249. 

Chloride of, 252. 

Oxides of, 251. 

Nitrate of, 252. 

Sulphide of, 251. 
Simple substances, 11. 
Soaps, 346. 
Sodium, 170. 
Soda powders, 835. 
Specific gravity, 23. 
Spermaceti, 343. 
Spirits of wine, 307. 
Stalactites, 186. 
Stalagmites, 186. 
Starch, 288. 
Steam, 78. 
Stearin, 339. 
Stearic ^cid, 339. 
Steel, 208. 
Stibium, 221. 
Strontium, 183. 
Strychnine, 870. 
Substitutions, 276. 
Sugar of beet, 294. 
cane, 292. 
grape, 290. 
lead, 

maple, 294. 
milk, 298. 
Sulphates, 156. 
Sulphides, 149. 
Sulphites, 156. 
Sulphur, 120. 

Milk of, 162. 
Sulphuretted hydrogen, 127. 
Sweet spirits of nitre, 815. 
Symbols, 25. 
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Combination, Laws of, 82. 
Combustion, 93. 
Compound bodies, 12. 
Congelation, 65. 
Copal, 357. 
Copper, 239. 

Acetate of, 230. 

Alloys of, 240. 

Carbonate of, 239. 

Chloride of, 237. 

Lactate of, 328. 

Nitrate of, 239. 

Oxides of, 236. 

Sulphate of, 237. 

Sulphides of, 237. 
Copperas, 204. 
Corpuscles of blood, 401. 
Corrosive sublimate, 245. 
Cream, 383. 
Cream of tartar, 336. 
Creatin, 391. 
Crystallization, 34. 
Culinary paradox, 73. 
Cyanogen, 119, 373. 



Davy's safety lamp, 89. 
Derbyshire spar, 185. 
Destructive distillation, 284. 
Dew, 70. 
Dextrine, 279. 
Diamond, 78. 
Diastase, 303. 
Diffusion, 74. 
Digestion, 397. 
Dimorphism, 35. 
Distillation, 307. 
Dolomite, 188. 
Dragon's blood, 360. 
Drop lake, 360. 
Drummond's light, 62. 



£. 

Eggs, 384. 
Electricity, 21. 
Elementary bodies, 11. 
Elements, Table of, 27. 
Enamel, 178. 
Epsom salts, 189. 
Equations, Chemical, 26. 



Equivalents, Chemical, 32. 
Eremecausis, 281. 
Ether, 314. 

Butyric, 314. 
Ethers, 316. 
Eupion, 285. 
Evaporation, 69. 



Fermentation, 299. 

Butyric, 300. 

Lactic, 800. 

Vinous, 800. 

Viscous, 800. 
Ferridcyanogen, 376. 
Ferrocyanogen, 375. 
Fibres, 279. 
Fibrin, 364. 
Flame, 92. 
Flameless lamp, 93. 
Flint, 138. 
Fluorine, 55. 
Fluor spar, 185. 
Food, 872. 

Distribution of, 392. 
Preservation of, 898. 
Forces, 16. 
Formulae, 26. 
Furnaces, 96. 
Fusel oil, 807. 
Fusible metal, 224. 



G. 

Galena, 225. 
Galvanism, 22. 
Gamboge, 358. 
Gas, Diffusion, 101. 

Laughing, 101. 

lights, 94. 

Marsh, 88. 
Gastric juice, 898. 
Gelatin, 367. 
German silver, 241. 
Gibbsite, 192. 
Glass, 176. 
Glauber's salt, 180. 
Glucose, 296. 
Glue, 861. 
Gluten, 865. 
Glyceryle, 889. 
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